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WIRE  ROPES  USED  IN  TRANSMISSIONS  FOR  OPERATING  SWITCHES  AND  SIGNALS  : 

TRIALS  MADE  IN  ORDER  TO  DETERMINE  THE  BEST  SPECIFICATION  FOR  SUCH  ROPES, 

By  Mr.  GADOW, 

RAILWAY  BNGINBBR,  DORTMUND. 

f 

Figs.  1  to  4,  pp.  1043  to  1053. 
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Wire  ropes  are  an  important  item  in  the  transmissions  for  operating  switches  and 
signals.  The  direction  in  which  they  transmit  a  pull  can  be  altered  by  running  them 
over  sheaves,  and  so  they  can  conveniently  be  used  for  operating  switches  and  signals 
and  interlocking  gear.  The  good  working  of  the  whole  arrangement  depends  chiefly 
on  them. 

If  the  fracture  of  such  transmissions  is  to  be  detected,  and  the  possibility  of  setting 
switches  and  signals  in  dangerous  positions  is  to  be  avoided,  it  is  necessary  for  the 
signal  levers  to  be  fitted  with  interlocking  gear,  making  any  dangerous  combination 
impossible  if  any  transmission  has  broken  down.  Now  experience  has  shown  that  any 
such  failure  is  nearly  always  due,  certainly  in  about  90  per  cent  of  the  cases,  to 
the  fracture  of  the  wire  ropes. 

In  the  case  of  wire  transmissions,  galvanized  steel  wire  having  a  diameter  of  4  or 
5  millimetres  (0*157  or  0-197  inch)  is  used;  such  wire  has  an  ultimate  tensile  strength 
of  from  1,200  to  1,900  kilograms  (2,645  to  4,189  lb.)  and  only  works  in  tension.     Even 
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if  a  signalman  is  violent  in  operating  a  lever,  there  is  no  danger  of  breaking  the  wire, 

although  it  has  already  been  exposed  a  considerable  time  to  the  action  of  the  weather. 

\^0(o  The  conditions    are  far  less  favourable  in  the  case  of  wire  ropes.     They   also.it   is 


TuW- 
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true  may  be  assumed  to  work  only  in  tension,  if  we  consider  them  as  a  whole;  but 
the  wires  of  which  they  are  composed  are  subject^id  to  compressive  and  bending  stresses. 

For  these  reasons,  stringent  conditions  are  generally  inserted  in  the  specifications 
for  wire  ropes  which  are  to  be  used  for  transmissions.  But  up  to  the  present,  experi- 
mental data,  as  to  the  particular  properties  such  wire  ropes  should  possess,  have  been 
entirely  lacking,  and  the  specifications  usual  up  to  the  present,  were  only  in  part  based 
on  any  actual  knowledge. 

In  accordance  with  an  order  issued  by  the  Prussian  Minister  of  Public  Works,  the 
Signalling  Board  proceeded  to  carry  out  an  extended  series  of  trials  in  order  to 
determine  the  best  specification  for  such  wire  rope  for  use  on  the  Prussian  State 
Railway ;  we   will    give  an    account  of    them    here. 

It  was  decided  that  in  order  to  obtain  really  reliable  data,  it  was  necessary,  in  the 
course  of  the  trials,  to  subject  the  wire  ropes  to  the  same  stresses  as  they  would  be 
subjected  to  in  actual  use.  Consequently  the  trials  have  not  been  limited  to  determining 
the  strength  and  flexibility  of  the  ropes,  the  arrangement  of  the  wires  in  the  strands 
and  of  the  strands  in  the  ropes,  the  thickness  of  the  layer  of  zinc;  the  ropes  while 
under  a  tensile  stress  of  100  kilograms  (220  lb.)  were  also  subjected  to  alternate 
bending,  by  being  passed  over  sheaves  having  diameters  of  230  and  140  millimetres 
(9  l/i6  and  5  l/j  inches)  forwards  and  backwards,  until  they  broke.  Sheaves  of 
these  diameters   are  those  most  often  used  in  actual  working. 

The  number  of  double  bendings  which  the  different  wire  ropes  stood,  forms  a  very 
definite  criterium  for  determining  the  quality  of  the  ropes.  The  testing  machine  which 
was  used  is  shown  in  figures  2  and  3. 

The  two  ends  of  the, rope  to  be  tested  are  secured  to  the  two  bolts  S  of  the  cross-head  K. 
The  rope  passes  over  a  sheave  R  (in  a  stationary  block)  having  a  diameter  of  690  or 
420  millimetres  (2  ft.  3  ^/j,  in.  or  1  ft.  4  Q/ig  in.),  and  there  are  three  sheaves  r  having 
a  diameter  of  230  or  140  millimetres  (9  l/sa  or  5  !/»  inches)  ;  these  three  sheaves  form 
part  of  the  block  F  which  can  move  in  a  vertical  plane.  This  block  is  weighted  so  that 
the  rope  is  subjected  to  a  tension  of  100  kilograms  (220  lb.).  The  block  can  go  down 
lower,  so  as  to  allow  for  any  stretch  of  the  rope ;  but  it  connot  go  up  or  else  variations 
would  be  produced  by  the  resulting  difference  of  tension  between  the  tight  and  the 
slack  parts  of  the  rope,  and  jerks  might  occur  which  would  subject  the  rope  to  stre««es 
which  coult  not  be  measured.  For  the  same  reason,  the  spring  stops  B  are  provided 
to  take  up  the  momentum  of  the  upper  sheave  R.  The  cross-head  K  is  connected  by 
a  rod  P  to  a  crank  which  is  operated  by  a  belt-driven  pulley.  The  cross-head  makes 
40  complete  strokes  (up  and  down)  per  minute,  each  of  which  corresponds  to  a  double 
bending  (to  and  fro)  of  the  rope ;  the  number  of  strokes  is  recorded  automatically 
by  a  counter  Z  operated  by  the  upper  sheave  R.  This  speed  of  40  strokes  per  minute 
was  adopted  because  the  resulting  speed  of  the  rope  corresponded  to  that  occuring  in 
actual  practice;  and  besides  it  was  feared  that  vibrations  would  be  produced  if  a 
higher  speed  were  adopted.  At  the  moment  the  rope  breaks,  the  sheave  R  stops,  and 
consequently  the  counter  also  stops. 

During  this  operation,  the  sexitions  ab  and   cd  on  the  sheaves  r  of  the  block  F    are 
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^  subjected  to  S-shaped  bending,  and  it  is  always  in  one  of  these  two  sections   that  the 

rope  breaks. 

Another  stationary  sheave  ri  is  placed  between  the  upper  sheave  R  and  the  sheaves  r 
of  the  block  F;  it  is  provided  in  ordtr  to  make  it  possible  to  use  the  apparatus  for 
ropes  which  are  only  to  be  subjected  to  simple"  bending. 

The  ultimate  tensile  strength  of  the  steel  used  for  the  topes  was  not  determined  in 
the  ordinary  testing  machine,  because  this  would  not  give  sufficiently  accurate  readings 
for  siich  fine  wires;  these  were  slowly  weighted  direct  by  means  of  shot  until  they 
broke.  Ten  wires  of  each  rope  were  broken,  and  the  mean  was  taken  as  the  ultimate 
tensile  strength  of  the  wire.  The  cross-section  of  the  wire  was  measured  by  means 
of  a  micrometer  reading  to  0*005  millimetre  (0*000197  inch)  ;  before  measuring,  the 
layer  of  zinc  (which  did  not  contribute  to  the  tenacity)  was  carefully  removed  by  means 
of  a  solution  of  hydrochloric  acid,  and  then  the  wires  were  washed  in  pure  water 
and  dried. 

Besides  the  ultimate  tensile  strength,  the  resistance  of  the  wires  to  bending  was  also 
determined  by  fixing  them  in  a  vice  with  two  steel  jaws,  the  upper  edges  of  which  were 
rounded  to  a  radius  of  2*5  millimetres  (0*09843  inch)  (fig.  1),  and  then  bending  them 
to  and  fro,  through  an  angle  of  180°,  till  they  broke.  The  initial  half  bend  through 
90°  was  not  taken  into  account. 


.    Fig.  1. 

The  thickness  of  the  layer  of  zinc  coating  the  ropes  tested  was  determined  in  two 
ways.  In  the  first  place  the  diameter  of  the  wire  was  measured  by  means  of  the 
micrometer,  then  the  zinc  was  dissolved  by  dilute  hydrochloric  acid,  the  wire  washed 
in  pure  water,  dried,  and  measured  again.  Secondly  the  following  process  was  used: 
the  wire  was  immersed  (each  time  for  a  minute)  in  a  solution  of  one  part  of  copper 
sulphate  in  five  parts  of  water,  then  washed  with  pure  water  and  dried  by  wiping 
with  a  piece  of  linen.  These  immersions  were  repeated  until  a  continuous  red  layer 
of  copper  was  formed  on  the  wire,  showing  that  all  the  zinc  had  been  dissolved. 

In  these  tests  also,  as  in  the  tensile  and  bending  tests,  ten  tests  were  made  in  the 
case  of  each  rope  and  the  mean  value  taken  as  the  true  value.  It  was  found  that  a 
layer  of  zinc  0*02  millimetre  (0*000787  inch)  thick  would  require  three  to  four  immersions 
in  the  copper  sulphate  solution;  the  wires  only  showed  a  continuous  red  layer  after 
four  immersions.  Two  to  three  immersions  correspond  to  a  thickness  of  zinc  of  0*^01  to 
0-015  millimetre  (0*000394  to  0*000691  inch),  and  a  layer  of  zinc  0*005  millimetre 
(0-000197  inch)  thick  disappeared  completely  during  the  first  immersion. 
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Pig.  2. 

SxplanaUon  of  Oerman  termi  :  40  Umdr.  in  der  Min.  =  40  revolutions  per  minute.  —  Hub  560  mm  =  Stroke,  560  millimetres  (1  ft.  10  Va 

Hubz&hler  ■=  Ck)unter  recording  number  of  strokes. 
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In  the  case  of  the  tests  made  by  means  of  the  machine  shown  in  figures  2  and  3, 
as  it  was  necessary,  in  order  to  obtain  comparable  results,  to  keep  to  one  definite 
diameter  of  sheave,  preference  was  given  to  sheaves  230  millimetres  (9  ^/n  inches)  in 
diameter.  A  certain  number  of  ropes  however  were  tested  with  sheaves  140  millimetres 
(6  Vs  inches)  in  diameter,  in  order  to  obtain  data  to  estimate  what  influence  the  diameter 
of  the  sheaves  exercised  on  the  wear  of  the  ropes.  It  was  found  that  the  small 
sheaves  often  used  where  signals  are  operated  by  hand  have  a  very  destructive  effect 
on  the  life  of  the  ropes.  Ropes  used  on  sheaves  280  millimetres  (11  ^/ss  inches)  in 
diameter  lasted  four  to  ten  times  as  long  as  those  used  on  sheaves  140  millimetres 
(5  i/j  inches)  in  diameter.     The  reason  for  this  will  be  considered  later  on. 

Tables  I  to  III  show  the  results  of  the  tests  made,  i.  e.  the  mean  values  of  the 
different  comparative  series  of  trials. 

These  results  show  that  the  strength  of  steel  wire  ropes  varies  within  rather  wide 
limits.  Even  in  the  case  of  ropes  made  in  a  similar  way,  material  differences  were  found, 
which  can  only  be  due  to  the  more  or  less  suitable  arrangement  of  the  wires  in  the 
strands  and  of  the  strands  in  the  rope.  The  pitch  ratio,  i.  e.  the  ratio  of  the  length 
of  rope  or  of  strand,  in  which  the  strand  or  wire  makes  one  complete  turn,  to  the 
diameter  of  the  rope  or  strand,  appears  to  exercise  a  material  influence.  The  best 
results  were  obtained  when  the  ratios  were  13  to  14  for  the  strand,  and  7  to  8  for 
the  wire;  as  a  rule  that  of  the  strand  is  twice  that  of  the  wire. 

(Generally  speaking,  the  trials  confirm  the  remark  made  by  Professor  Hrab&k  in  his 
work  (1),  that  the  greater  the  number  of  the  wires  and  the  smaller  their  diameter,  the 
stronger  is  a  wire  rope.  Another  conclusion  to  be  drawn  from  the  results  of  the  trials 
is  that  a  necessary  condition  for  making  a  good  rope  is  to  use  quite  homogeneous  steel, 
of  high  ultimate  tensile  strength  and  having  sufficient  flexibility. 

At  present,  in  the  specifications  for  steel  wire  rope,  clauses  are  often  inserted  specifying 
that  the  wire  used  shall  have  an  ultimate  tensile  strengh  of  100  kilograms  per  square 
millimetre  (142,228  lb.  per  square  inch),  and  attaching  particular  importance  to  the 
torsibility.  This  is  based  on  the  idea,  correct  in  itself,  that  a  wire  rope  must  be  as 
pliable  as  possible,  so  that  it  may  readily  adapt  itself  to  the  circumference  of  the 
sheaves,  and  that,  therefore,  too  great  tenacity  must  not  be  required,  at  the  cost  of 
the  flexibility.  But  it  is  an  error  to  assume  that  a  pliable  rope  can  only  be  made 
by  using  a  wire  which  shows  great  strength  in  bending  and  great  flexibility.  It  is 
forgotten  that  the  wire  has  imparted  to  it  very  great  flexibility  by  the  double  helical 
shape  it  has  in  the  rope,  and  that  this  flexibility  would  amply  suffice  for  all  practical 
requirements,  even  if  small  sheaves  were  used,  were  it  not  that  it  was  partly  destroyed 
by  the  continual  varying  stresses  in  the  wires  and  in  the  strands,  and  by  the  friction 
between  different  wires.  It  may  be  assumed  with  certainty  that  the  wearing  out  of 
all  the  wire  ropes  used  in  actual  practice  is  due  to  the  continuous  succession  of  tensile 
and  compressive  stresses  to  which  the  wires  are  subjected;  the  wires  are  compelled 
by  these  continuously  alternating  forces  to  make  small  movements  relatively  to  each 
other.     Now  the  friction  between  the  Wires  resists  these  movements. 

When  the  core  of  the  rope  is  made  of  vegetable  fibre,  this  reduces  the  friction  of 
the  wires  to    a  certain   extent   and  the  wear  becomes  less,   particularly  if  the  core  is 


(*)  Die  Drahtseile  {Wire  ropes).  Berlin,  1902,  J.  Springer. 
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soaked  with  some  fatty  substance  which  lubricates  the  wires  from  within  and  reduces 
the  effect  of  friction. 

The  trials  made  have  proved  the  correctness  of  this  theory.  The  comparison  of  the 
life  of  the  same  cables  when  tested  in  the  machine  with  sheaves  of  230  and  140  milli- 
metres (9  l/ss  and  5  l/t  inches)  in  diameter  shows  that  with  the  smaller  sheaves  the 
ropes  broke  much  sooner,  because  the  wires  were  then  compelled  to  make  larger  relative 
movements,  opposed  by  greater  friction.  Moreover  trials  made  on  samples  of  ropes 
cut  from  the  same  coil  of  a  roll  showed  that  a  rope  which  had  been  dipped  in  oil 
for  several  days  stood  nearly  three  times  as  many  double  bendings  in  the  testing 
machine  as  rope  not  so  treated.  On  examining  the  layer  of  zinc  in  the  neighbourhood 
of  the  fracture  of  ropes  broken  in  the  machine,  it  was  found  that  the  zinc  has  disappeared 
there,  and  when  it  was  immersed  in  the  oopper  sulphate  solution,  a  red  coating  quickly 
formed,  whereas  with  wire  taken  from  the  same  test  piece  but  from  a  part  where 
the  rope  had  not  been  in  contact  with  the  sheave,  several  immersions  were  necessary. 
Thus  the  zinc  had  been  removed,  at  the  place  where  the  rope  broke,  by  friction. 

It  follows  that  in  order  to  increase  the  life  of  cables,  it  is  necessary  to  use  a  material 
resisting  friction  as  much  as  possible,  a  material  of  high  tenacity  having  at  the  same 
time  sufficient  flexibility.     These  qualities  are  only  found  united  in  the  best  cast  steel. 

The  ropes  which  stood  the  greatest  number  of  double  bendings  in  the  testing  machine 
had  an  ultimate  tensile  strength  of  well  over  100  kilograms  per  square  millimetre 
(142,228  lb.  per  square  inch),   and  great  flexibility. 

Hence  it  would  be  advisable,  in  specifications  for  the  supply  of  steel  wire  rope,  to 
specify  the  exclusive  use  of  steel  having  an  ultimate  tensile  strength  of  at  least  120  kilo- 
grams per  square  millimetre  (170,674  lb.  per  square  inch),  and  capable  of  being  bent 
forty  times  through  an  angle  of  180°  over  a  radius  of  2*5  millimetres  (0*09843  inch). 
It  will  then  be  certain  that  the  manufacturer  can  only  use  best  cast  steel.  Wire 
of  inferior  quality  cannot  have  the  specified  tenacity  unless  it  has  less  flexibility,  or 
the  specified  flexibility  unless  it  has  less  tenacity. 

It  cannot  be  considered  advisable  to  specify  the  torsibility  of  the  steel  wire ;  for  if 
the  specifications  give  figures  for  this,  the  manufacturer  will  be  tempted  to  use  steel 
of  medium  quality.  Gralvanizing  even  the  best  and  most  tenacious  cast  steel,  always 
has  as  unavoidable  effect  that  the  torsibility  is  more  or  less  lost.  This  loss  can  no 
doubt  be  reduced  by  manufacturing  the  ungalvanized  wire  in  a  particular  way,  and 
thus  obtaining  wire  which  can  be  twisted  a  great  number  of  times,  but  the  other  properties 
of  the  wire  are  injuriously  affected. 

Resistance  to  repeated  torsion  is  not  a  quality  which  is  specially  desirable  in  wire 
to  be  used  for  making  ropes,  as  the  wire  is  subjected  to  torsion  neither  while  the  rope 
is  made  nor  during  its  subsequent  use.  Mining  authorities,  who  have  drawn  up  special 
specifications  for  whim  ropes,  have  already  long  ago  given  up  inserting  any  clauses 
as  to  torsibility. 

As  regards  the  size  of  wire  used  for  the  ropes,  the  tables  given  above  show  that 
the  best  ropes  are  those  made  of  the  thinnest  wires.  The  reason  for  this  is  that  a 
rope  on  a  sheave  is  subjected  to  a  tensile  stress  on  the  outer  side  and  to  a  compressive 
stress  on  the  inner  side  in  contact  with  the  sheave.  These  different  stresses  produe? 
small  sliding  movements  of  the  wires  relatively  to  each  other.  If  the  rope  consists 
of  a  large    number  of   very  fine   wires,    it  is  evident  that    the  relative  movements  of 
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adjoining  wires  are  less  than  if  the  rope  consists  of  a  smaller  number  of  thicker  wires, 
and  also  that  the  wire  will  have  more  elasticity  to  counteract  the  forces  acting  on  it. 

In  the  case  of  the  ropes  tested,  those  made  of  wire  0:35  and  0-4  millimetre  (0-01378 
and  0'01575  inch)  in  diameter  showed  the  greatest  resistance  to  wear,  whereas  the  ropes 
made  of  thicker  wire  gave  unsatisfactory  results. 

It  therefore  is  necessary,  as  Hrabak  already  showed,  to  have  as  fine  wire  as  possible. 
Nevertheless  there  is  a  limit  to  this.  In  the  first  place,  it  is  difficult  to  make  very 
fine  wire,  and  it  will  probably  be  not  nearly  so  uniform.  Secondly,  it  is  necessary' 
for  each  wire  to  have  a  certain  cross-section,  or  else  a  small  amount  of  wear  or  of  exposure 
to  weather  will  weaken  it  too   much. 

The  diameter  of  0*4  millimetre  (0-01576  inch)  is  most  suitable  for  wire-rope  trans- 
missions. As  however  there  are  difficulties  in  making  a  wire  of  exact  size,  a  certain 
amount  of  fluctuation  in  the  size  may  be  allowed,  but  the  wire  must  be  quite  homogeneous. 
It  would,  therefore,  be  to  the  advantage  of  both  manufacturer  and  consumer  to  insert 
in  the  spiBcification  a  clause  that  wire  used  for  rope  making  shall  have  a  diameter  of 
not  less  than  0-37  millimetre  (0-014567  inch)  and  of  not  more  than  0-43  millimetre 
(0-016929  inch),  galvanizing  included. 

As  to  the  destructive  effects  of  exposure  to  weather,  it  is  important  to  protect  the 
^opes  against  rusting.  The  bearing  cross-section  of  the  different  wires  forming  a  rope 
is  small  in  absolute  amount,  while  the  surface  exposed  to  oxidation  is  relatively  large. 
All  the  more  care  is  therefore  required  to  protect  the  wires.  They  are,  therefore,  always 
galvanized.  Zinc  is  much  less  liable  to  oxidation,  by  exposure  to  air,  than  steel ;  and 
of  all  the  metals  which  may  be  used  in  this  way,  zinc  has  the  greatest  hardness. 

The  layer  of  zinc  coating  the  steel  wire  must  be  sufficiently  thick  to  prevent  the 
oxidation  of  the  rope  during  its  ordinary  life.  The  layer  must  on  the  other  hand  not 
be  too  thick,  or  else  it  would  scale  off  owing  to  the  bending  it  is  subjected  to  in  actual 
practice,  and  then  the  st^el  would  not  only  be  exposed,  but  the  cracked  surface  would 
give  rise  to  increased  friction  between  adjoining  wires. 

It  is  particularly  important  that  the  zinc  should  not  merely  adhere  to  the  surface 
of  the  wire,  but  that  it  should  be  effectively  joined  to  the  steel.  For  this  reason,  it 
is  advisable  to  use  the  process  in  whijch  the  wire  is  heated  to  a  low  red  heat  and  then 
passed  through  a  solution  of  zinc  in  dilute  hydrochloric  acid,  so  as  to  obtain  a  chemically 
clean  surface;  then  the  wire  is  passed  through  a  bath  of  melted  zinc.  The  wire  then 
becomes  coated  with  a  solid  layer  of  zinc  effectively  joined  to  the  steel.  After  the  wire 
comes  out  of  the  zinc  bath,  it  is  passed  through  a  layer  of  sand  which  removes  the 
excess  of  zinc  while  still  hot.  By  suitably  adjusting  the  speed  with  which  the  wire 
passes  through  the  zinc  bath,  and  the  distance  between  the  bath  and  that  layer  of 
sand,  the  thickness  of  the  layer  of  zinc  may  be  varied  as  may  be  required. 

Wire  for  ropes  used  for  operating  switches  and  levers  should  have  a  coating  of 
zinc  at  least  0-01  millimetre  (0-0(X)394  inch)  thick,  and  this  must  adhere  so  firmly 
to  the  steel  that  if  the  wire  is  wound  in  close  coils  round  a  mandril  having  a  diameter 
ten  times  that  of  the  wire,  no  scaling  off  takes  place.  A  wire  so  galvanized  can  be 
immersed  twice  in  the  20  per  cent  copper  sulphate  solution,  each  time  for  one  minute, 
without  showing  a  continuous  layer  of  red  copper. 

The  core  of  the  cable  wire  ropes  now  mostly  consist  of  hemp,  instead  of  the  wire 
formerly  used.     Cores  made  of  steel  wire  have   given  only  unsatisfactory   results,    and 
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their  use  is  moreover,  according  to  Professor  Hrabak,  wrong  in  theory.  The  ropes 
become  heavier  and  more  expensive,  less  flexible,  unreliable  and  less  durable.  Now 
the  object  of  the  core  is  not  merely  to  fill  up  the  space  available,  but  also  to  give 
the  strands  an  elastic,  non-rigid  support,  to  enable  them  to  yield  to  a  certain  extent 
to  the  forces  acting  on  them  and  thus  to  reduce  the  destructive  friction  of  the  wires 
between  themselves.  Consequently  the  core  must  have  a  sufficiently  large  diameter 
so  that  each  strand  of  the  double-laid  rope  xised  for  transmission  is  well  in  contact  with 
the  core.  At  the  same  time  the  fibres  composing  the  core  must  be  sufficiently  solid 
to  prevent  any  of  the  strands  from  shifting  out  of  place  and  being  forced  into  the 
core.  The  diameter  suitable  for  a  core  thus  depends  on  the  diameter  of  the  rope  and 
on  its  pitch  ratio.  But  it  cannot  be  considered  advisable  to  specify  definite  pitch 
ratios  for  strands  and  ropes ;  and  just  as  much  would  it  be  premature  to  specify 
the  diameter  and  construction  of  the  core.  For  the  consumer,  all  that  need  be  speci- 
fied is  that  the  core  shall  be  made  of  hemp.  The  use  of  Manilla  fibre  is  to  be 
prohibited,  as  these  fibres  are  too  coarse  to  be  twisted  up  into  fine  strands.  The  core 
must  be  impregnated  with  an  antiseptic  liquid,  free  from  acid,  resisting  the  absorption 
of  moisture.  Under  the  strong  pressure  produced  when  the  rope  moves  on  the  sheaves, 
this  liquid  is  pressed  in  part  into  the  strands  and  thus  serves  to  lubricate  the  wire's. 
The  chief  wire  rope  manufacturers  already  generally  satisfy  these  conditions  by  soaking 
the  core  in  tar  oil.  We  may  note  that  all  the  fats  which  of  themselves  would  satisfy 
these  conditions,  cannot  be  used,  as  certain  oils,  e.  g.  neat's  foot  oil,  exercise  a  destructive 
action  on  hemp  fibre.  The  following  would  be  reasonable  clauses  in  specifying  the 
cores  of  wire  ropes  to  be  used  for  transmissions : 

1®  The  wire  rope  shall  have  a  core  of  vegetable  fibre,  with  which  all  the  strands 
must  be  in  contact ; 

2^  Even  under  unfavourable  conditions,  the  core  shall  not  be  destroyed  before  the  rope ; 

3**  The  core  shall  not  absorb  moisture,  nor  shall  it  contain  any  acid  whatever,  or  else 
the  rope  will  oxidize  from  inside  outwards; 

4®  The  substance  impregnating  the  fibre  shall  be  a  lubricant  for  the  steel  wires. 

As  regards  the  lay  of  the  wires  in  the  strands  and  the  lay  of  the  strands  in  the 
rope,  respectively,  these  lays  must  be  of  different  hand,  so  that  the  tendency  for 
untwisting  is  neutralized.  In  the  interests  of  uniformity  it  is  advisable  to  specify  that 
the  strands  should  be  laid  up  right-handed. 

The  tables  giving  the  results  of  the  trials  show  that  of  the  ropes  tested  those  having 
a  diameter  of  6  millimetres  (0*197  inch)  had  the  least  strength.  None  of  these  latter 
satisfied  the  conditions  which  should  have  been  specified.  The  best  results  were  obtained 
with  the  one  given  under  No.  10  of  table  Ila,  with  36,654  double  bendings  round 
sheaves  230  millimetres  (9  1/32  inches)  in  diameter;  but  this  result  is  much  inferior 
to  that  obtained  with  ropes  6,  4,  3:6  and  even  3  millimetre's  (0!236,  0-157,  0*138  and 
even  0*118  inch)  in  diameter.  We  cannot  give  the  definite  reason  for  this  surprising 
fact.  Perhaps  it  is  due  to  cables  of  a  diameter  of  5  and  6  millimetres  (0  197  and 
0-236  inch)  being  stiffer  than  the  others,  and  that  this  disadvantage  cannot  be  counter- 
acted in  5  millimetre  (0*197  inch)  rope,  as  well  as  in  the  6  millimetre  (0*236  inch) 
rope,  by  using  a  large  number  of  fine  wires.     In  a  5  millimetre  (0*197  inch)  rope  it 
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is  hardly  possible,  unless  the  hemp  oore  is  unduly  reduced,  to  have  more  than 
6x12  =  72  wires  of  the  most  suitable  diameter  (0'4  millimetre  [0-01575  inch]).  Now 
it  seems  that  this  number  does  not  suffice  to  modify  to  the  extent  desired  the  excessive 
stiffness  of  the  rope.  However,  it  is  hardly  advisable  to  lay  down  the  rule  that  5  milli- 
metre (0*197  inch)  rope  shall  not  be  used  for  wire  rope  transmissions.  A  clause 
inserted  in  the  specifications  requiring  that,  in  a  given  case,  a  rope  subjected  to  a  given 
tension  shall  stand  a  given  number  of  double  bendings  round  sheaves  230  millimetres 
(9  Vsj  inches)  in  diameter,  before  it  breaks,  will  suffice  to  prevent  the  supply  of 
ropes  of  inferior  quality.  If  6  millimetre  (0-197  inch)  ropes  are  in  the  future 
manufactured  having  the  necessary  strength,  there  is  no  reason  to  prohibit  their  use. 

On  the  other  hand,  it  is  advisable  to  prohibit  the  use  of  rope  having  a  smaller 
diameter  than  4  millimetres  (0-157  inch),  although  ropes  3-5  or  even  3  millimetres 
(0-138  or  even  0-118  inch)  in  diameter  have  shown  a  long  life  in  the  trials  (see 
Nos.  17  and  18  of  III6,  20  to  23  of  Ilia,  22  and  23  of  Illb  and  27  to  30  of  Ilia). 
With  these  ropes  the  stress  of  33  to  34  kilogramii  per  square  millimetre  (46,935  to 
48,358  lb.  per  square  inch)  in  too  great.  Moreover  this  already  large  stress,  which 
may  attain  49  to  51  kilograms  per  square  millimetre  (69,690  to  72,536  lb.  per  square 
inch)  when  the  pull  on  the  transmission  reaches  (as  sometimes  happens)  150  kilo- 
grams (330  lb.),  is  too  much  incrv^ased  as  soon  as  one  or  more  of  the  wires  happens 
to  give  way,  as  generally  not  many  wires  are  used;  and  consequently  such  thin  ropes 
are  affected  by  exposure  to  weather  to  an  extent  incompatible  with  the  reliable  working 
of  the  transmissions. 

Therefore  taking  it  altogether,  ropes  6  and  4  millimetres  (0-236  and  0-157  inch)  in 
diameter  must  be  pronounced  as  being  most  suitable  for  wire  rope  transmissions. 

The  6  millimetre  (0-236  inch)  ropes  can  be  made  with  a  larger  number  of  wires; 
there  is  the  room  necessary  for  a  hemp  core  of  suitable  size,  and  owing  to  the  larger 
diameter,  the  stiffness  inherent  to  such  a  large  rope  can  be  reduced  {see  8  and  9  of  16, 
11  to  16  of  la,   11  and  12  of  I  b,  and  18  to  20  of  la). 

As  regards  4  millimetre  (0-157  inch)  ropes,  they  have  greater  flexibility,  owing 
to  the  very  fact  of  their  small  diameter.  Trials  1  and  2  of  III6,  2  to  5  of  Ilia,  4  to  6 
of  III&  and  7  to  9  of  Ilia  show  that  Jthese  wires  are  suitable  for  operating  signals 
and  switches.  The  stress  per  unit  of  cross-section  does  not  exceed  the  proper  limits, 
and  if  suitably  treated,  these  ropes  will  no  doubt  resist  the  action  of  the  weather  to  the 
extent  necessary. 

Some  of  the  6  millimetre  (0-236  inch)  ropes  stood  well  over  90,000  double  bendings 
in  the  testing  machine,  and  some  of  the  4  millimetre  (0-157  inch)  ropes  well  over 
60,000.  It  is  evident  that  such  high  figures  cannot  be  specified,  but  it  is  quite  reasonable 
to  specify  that  wire  ropes  used  for  transmissions  shall  stand  at  least  40,(XX)  double 
bendings  before  breaking,  such  tests  being  made  by  means  of  the  machine  shown  in 
figure  4,  the  rope  being  subjected,  while  the  tests  are  being  made,  to  a  tensile  stress 
of  100  kilograms  (220  lb.),  the  wire  rope  to  travel  500  millimetres  (1  ft.  7  21/^^  in.) 
round  sheaves  of  the  usual  diameter  of  230  millimetres  (9  Vst  inches).  Then  the 
works  could  only  supply  wire  rope  of  the  best  quality. 

We  are  unable  to  recommend  that  the  number  of  wires  in  the  rope,  or  any  given 
method  of  manufacture,  should  be  specified.     The  chief  points,  mentioned  above  supra,  in 
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connection  with  the  specifications  of  steel  wire  ropes,  will  suffice  to  exclude   ropes  of 
inferior  quality. 


The  clauses  which  these  tests  show  to  be  advisable,  may  be  summed  up  as  fallows: 

V*  Only  cast  steel  of  best  quality,  and  quite  homogeneous,  shall  be  used.  The  steel 
wire  shall  have  an  ultimate  tensile  strength  of  at  least  120  kilograms  p^r  square  milli- 
metre (170,674  lb.  per  square  inch),  and  shall  stand  being  bent  forty  times  through  an 
angle  of  180**  over  a  radius  of  2*6  millimetres  (0* 00843  inch)  (fig.  I).  The  initial  half 
bend  through  an  angle  of  90**  shall  not  count ; 

2®  The  wire  used  for  the  rope  shall,  with  its  coating  of  zinc,  have  a  diameter  of 
not  more  than  0«43  millimetre  (0*01693  inch)  and  not  less  than  0*37  millimetre 
(0-01457  inch)  ; 

3®  The  coating  of  zinc  shall  have  a  thickness  of  at  least  0*01  millimetre  (0*000394  inch). 
The  galvanized  wire  shall  stand  two  immersions,  of  one  minute  each,  in  a  20  per  cent 
copper  sulphate  solution,  without  becoming  coated  with  a  continuous  layer  of  red 
copper.  The  wire  shall  be  coiled  up,  in  close  ooils,  on  a  mandril  having  a  diameter 
of  ten  times  that  of  the  wire,  without  any  zinc  scaling  off; 

4**  Stretched  as  shown  in  figure  4  and  subjected  to  a  uniform  tension  of  100  kilograms 
(220  lb.),  the  wire  rope,  not  greased,  shall  stand  at  least  40,000  double  bendings  before 
breaking,  the  rope  to  travel  500  millimetres  (1  ft.  7  ^^/st  in.)  round  sheaves  having  a 
diameter  of  230  millimetres  (9  i/^js  inches) ; 

5**  The  core  of  the  rope  shall  consist  of  hemp  impregnated  with  an  antiseptic  substance 
free  from  acid,  not  absorbing  moisture; 

6**  The  lay  of  the  wires  in  the  strands,  and  the  lay  of  the  strands  in  the  rope,  shall 
be  of  different  hand.     The  strands  shall  be  laid  up  right-handed. 


Good  cables  for   such  transmissions  can  only  be  manufactured  by  works  having   an 
excellent  plant  and  long  years  of  experience.     In  order  to  make  certain  of  having  rope 
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of  irreprochable  quality  it  is  necessary  to  use  the  best  materials  and  conscientious 
workmanship  and  to  pay  careful  attention  to  numerous  details  in  the  manufacture; 
a  suitable  system  of  construction  is  also  necessary.  Hence  the  supply  of  wire  ropes 
will  always  be  a  matter  of  confidence. 

When  wire  ropes  for  transmissions  are  to  be  ordered,  it  is  not  enough  to  issue  a 
strict  specification.  Among  the  many  works  manufacturing  wire  ropes  those  must  be 
selected,  with  the  greatest  care,  which  are  the  most  efficient.  They  alone  will  be  able 
to  satisfy  the  requirements  enunciated  above. 
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TESTS  OF  WESTINGHOUSE    BRAKES   FOR   FAST   TRAINS, 
made  on  the  bavarian  state  railway. 

(note  communicated  by  the  administration  of  that  railway.) 


Figs.  1  to  4,  pp.  1056  to  1058. 


{Organ  fiir  die  FotttchriUe  des  Eisenbahnioe$ens,) 


The  present  general  tendency  towards  increasing  the  speed  of  express  trains 
leads  to  the  search  for  new  inprovements  in  brake  gear,  so  that  the  distance 
within  which  a  stop  can  be  effected  may,  even  at  very  high  speeds,  remain 
within  the  limits  which  safety  requires. 

It  is  well  known  that  compressed  air  brakes  in  which  the  air  pressure 
in  the  brake  cylinder  remains  constant,  while  the  brakes  are  on,  are  not 
satisfactory  at  very  high  speeds.  On  the  one  hand  the  friction  between 
the  brake  block  and  the  wheel  becomes  appreciably  reduced  as  the  speed 
increases,  and  on  the  other  hand  the  maximum  pressure  in  the  brake  cylinder 
is  limited;  it  must  be  adjusted  so  that  towards  the  end  of  the  braking, 
when  the  friction  is  greatest,  no  wheels  shall  become  locked.  It  is  for  this 
reason  that  Westinghouse  adopted  a  higher  pressure  in  the  main  pipe  of 
the  brake  known  as  the  high  speed  brake,  very  extensively  used  in  America 
for  express  trains.  In  this  way  a  high  initial  pressure  is  obtained  in  the 
brake  cylinder,  which  subsequently  is  gradually  reduced  towards  the  end 
of  the  breaking  to  the  extent  required  to  avoid  locking  the  wheels ;  automatic 
reducing  valves  are  used  for  this  purpose. 

-  Another  application  of  the  same  principle  is  made  in  the  Schnellbahn- 
Bremse  (brake  for  express  lines)  which  the  Bavarian  State  Railway  has  been 
trying  on  a  test  train,  at  the  request  of  the  Westinghouse  Company  of 
Hanover. 

Description  of  the  new  "  Schnellbahn- Bremse  ". 

In  the  new  brakes  the  pressure  in  the  main  pipe  remains  the  same  as 
before;  but  the  difficulties  which  would  result  from  any   increase   in   the 
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pressure  are  avoided.  In  addition  to  the  ordinary  gear  of  the  quick-acting 
brake  (fig.  2)  which  consists  mainly  of  the  brake  cylinder  A,  the  quick-acting 
triple  valve  B  and  the  auxiliary  reservoir  C,  there  is  a  secondary  brake 
cylinder  H,  with  an  auxiliary  reservoir  G,  and  a  triple  valve  F,  which 
supplies  the  extra  brake  power  at  high  speeds.  Both  the  chief  brakes  and 
tlie  secondary  brake  are  supplied  with  air  through  the  main  pipe  in  the 
usual  way  and  act  on  a  single  brake  gear. 


Fig.|3.  —  Ordinary  triple  valve  F  of  secondary  brake. 

Sacpt*^nation  of  Gorman  terms  :  (H)  Nach  dem  Bremszylinder  der  Zusatzbremse  =  (H)  To  the  cylinder  of  the 
secondary  brake.  —  (G)  Nach  dem  Haifsbehftlter  der  Zusatzbremse  =  (G)  To  the  auxiliary  reservoir  of  the 
secondary  brake.  —  Ausstrdmuug  (I))  =  Exhaust  (D).  —  (E)  Von  der  HaupUeitung  =  (E)  From  the  main  pipe. 

The  valve  F  of  the  secondary  brake,  shown  in  section  in  figure  3,  differs 
from  the  ordinary  Westinghouse  triple  valve,  only  in  having  an  opening  x 
▼.  XI  69 
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in  the  face  of  the  slide,  forming  a  passage  between  the  auxiliary  reservoir 
and  the  cylinder  when  the  main  piston  5  moves  the  slide  6  into  the  position 
for  braking.  The  secondary  brake  cylinder  also  communicates  with  the  outer 
air  through  the  opening  y  (fig.  2).  While  the  chief  brake  always  works 
in  the  usual  way,  the  secondary  brake  hardly  comes  into  play  in  the  case 
of  ordinary  stops.  It  is  true  that  every  time  the  pressure  in  the  main  pipe 
is  reduced,  compressed  air  passes  from  the  auxiliary  reservoir  into  the 
secondary  brake  cylinder,  but  that  air  then  enters  slowly,  escapes  at  once 
into  the  outer  air  through  the  opening  y  and  as  soon  as  the  reduction  of 
pressure  in  the  main  pipe  ceases,  the  valve  F  returns  to  the  c  brakes  off  i 
position.  In  case  of  an  emergency  stop  the  chief  brake  cylinder  and  the 
secondary  brake  cylinder  both  act  at  once  with  full  power,  as  the  pressure 


Fig.  4.  —  Air  and  speed  gauge  carried  on  the  locomotive. 

Explanation  of  Otn^ian  Urmt  :  Kilometer  in  der  Stunde  «  Kilometers  per  bour. 
Leitungsdruck  =  Pressure  in  main  pipe. 

in  the  auxiliary  reservoirs  and  the  corresponding  brake  cylinders  at  once 
become  equal.  But  as  the  air  escapes  through  the  opening  y,  the  pressure 
in  the  secondary  cylinder  becomes  gradually  reduced  till  it  equals  the  pressure 
left  in  the  main  pipe.  The  valve  F  then  acts  automatically  and  completely 
releases  the  second  brake.  It  follows  that  when  emergency  stops  have  to  be 
made,  the  action  of  the  secondary  cylinder  can  be  kept  going  for  a  longer 
or. shorter  time,  according  as  the  pressure  in  the  main  pipe  remains  more 
or  less  considerable.  It  is  owing  to  this  reduction  of  pressure  in  the  secondary 
cylinder  (which  reduction  at  first  takes  place  slowly,  then  more  and  more 
quickly)  that  the  brake  pressure  varies  in  accordance  with  the  coefficient  of 
friction,  so  that  4;he  retardation  remains  practically  uniform  the  whole  time 
the  brakes  are  on.  In  order  to  make  it  easier  for  the  driver  to  manipulate 
the  brake,  the  air  gauge  has  a  second  graduation  showing,  for  the  different 
speeds,  to  what  extent  the  pressure  in  the  main  pipe  has  to  be  reduced  so 
that  the  secondary  cylinder  may  act  in  proper  time  (fig.  4). 
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Equipment  of  test  train. 

The  test  train  consisted  of  an  express  compound  locomotive  with  ten 
wheels,  four  coupled,  weighing  68  3  tons  (67-2  English  tons)  in  running  order, 
together  with  an  eight  wheeled  tender,  weight  loaded  50  tons  (49*2  English 
tons),  and  four  to  six  corridor  carriages,  eight  wheeled,  tare  36*5  tons 
(35*9  English  tons)  each.  With  the  ordinary  Westinghouse  brake,  the  brake 
ratio  was  51  per  cent  on  the  bogie  and  65  per  cent  on  the  driving  wheels, 
which  corresponded  to  about  60  per  cent  on  the  whole  locomotive  when 
in  full  running  order.  The  secondary  brake  cylinder,  380  millimetres 
(1  ft.  2  ^^/i6  in.)  in  diameter,  raised  the  total  brake  pressure  to  70*6  tons 
(69'5  English  tons),  t.  e.  to  103  per  cent  of  the  weight  in  running  order.  The 
tender  weighed  22  tons  (21-7  English  tons)  empty,  and  could  take  6  tons 
(5*9  English  tons)  of  coal  and  22  cubic  metres  (4,840  English  gallons)  of 
water;  besides  the  ordinary  brake  cylinder,  305  millimetres  (1  foot)  in 
diameter,  giving  a  brake  pressure  of  70  per  cent  of  the  weight  when  half 
full,  it  was  equipped  with  a  secondary  cylinder  of  the  same  diameter;  the 
brake  ratio  was  in  this  way  increased  to  130  per  cent  of  the  said  average 
weight.  The  carriages  were  also  equipped  with  a  quick-acting  brake  with 
cylinders  305  millimetres  (1  foot)  in  diameter,  and  with  a  secondary  cylinder 
355  millimetres  (1  ft.  1  ^^/^^  in.)  in  diam^eter  raising  the  brake  pressure  from 
72  to  about  160  per  cent  of  the  tare.  The  brake  gear  had  been  suitably 
strengthened,  in  order  to  avoid  any  loss  of  pressure  from  the  springing  or 
giving  way  of  any  of  the  parts.  The  brake  blocks  were  450  millimetres 
(1  ft.  5  iVi6  in.)  long. 

The  Kapteyn  apparatus  for  recording  the  pressures  in  the  cylinders  had 
been  installer  in  one  of  the  carriage  compaii;ments.  In  order  to  determine 
the  speed  and  the  distance  in  which  a  stop  was  effected  with  accuracy,  a  three 
lever  recorder,  with  seconds  pendulum,  was  used;  this  was  lent  by  the 
Studien-Geselhchaft  fiir  elehtrische  Schnellbahnen  to  the  Westinghouse 
Company. 

Tests. 

The  trial  run  was  made  on  July  8,  1905,  on  the  line  from  Munich  to 
Augsburg,  profile  and  plan  of  which  are  shown  in  figure  1.  On  the  outward 
journey,  the  train  consisted  of  the  locomotive  and  its  tender  and  four  carriages, 
representing  a  weight  of  260-4  tons  (246  4  English  tons) ;  on  the  return 
journey  two  carriages  were  added,  thus  increasing  the  weight  to  323-3  tons 
(318*2  English  tons).  The  tender  is  reckoned  as  36  tons  (35-4  English 
tons),  its  weight  half  full.  Emergency  stops  were  made  at  speeds  of  30, 
50,  70,  90,  100,  110,  120  and  130  kilometres  (18-6,  311,  43-5,  55-9, 
62-1,   68-4,  74-6  and  80*8  miles)   per  hour,  and  ordinary  stops  at  sundry 
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speeds.  By  way  of  comparison,  emergency  stops  were  also  made  with  the 
ordinary  brake  at  speeds  varying  ivom  70  to  130  kilometres  (43*5  to 
80*8  miles)  per  hour,  the  secondary  brake  having  been  put  out  of  action  by 
means  of  the  cut-out  valve  k  (fig.  3).  In  every  case  the  brakes  went 
on  smoothly  and  no  shocks  were  produced.  The  table  given  herewich  shows 
the  results  obtained  in  the  emergency  stops  which  were  all  made  while 
running  on  the  straight. 

The  distances  within  which  stops  were  effected  with  this  new  brake  are 
the  shortest  which  have  ever  been  recorded  in  Germany  during  high  speed 
runs ;  and  that  although  only  a  small  part  of  the  surface  of  most  of  the  new 
brake  blocks  became  applied  to  the  tires.  The  considerable  influence  this  has 
is  well  shown  by  the  stops  effected  by  the  ordinary  quick-acting  brake,  which 
are  not  nearly  so  good  as  those  found  in  former  tests,  made  under  analogous 
conditions.  As  for  the  distances  within  which  stops  have  been  made  with 
the  new  type,  they  are  as  a  rule,  even  at  slow  speeds,  about  30  to  35  per  cent 
le^^s  than  with  the  ordinary  quick-acting  brake.  The  use  of  the  new  brake, 
which  has  a  very  simple  construction  and  is  very  easy  to  operate,  thus  has 
appreciable  advantages  in  the  case  of  the  express  speeds  now  usual. 

As  the  vehicles  of  the  test  train  could  no  longer  be  spared,  owing  to 
the  heavy  summer  traffic,  test  runs  with  the  blocks  well  ground  in  could 
not  be  made  in  July.  It  is  therefore  proposed  to  resume  the  tests  later  on, 
and  then  also  give  the  repesentatives  of  other  railways  an  opportunity  of 
being  present  at  the  trial  runs. 
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SOME  REMARKS  ON  THE  SUBJECT  OF  THE  MUNICH  TRIALS  OF  FAST  TRAIN  BRAKES, 


By  J.  DOYEN. 

CUIBK  ENGINEER  OP  THK  BELGIAN'  STATE  RAILWAY. 


The  Schnellbahjibremse  considered  in  the  preceding  article  is  the  third 
attempt  made  by  the  Westinghonse  Company  to  improve  the  braking  of  fast 
trains  by  allowing  for  the  variation  in  the  coefficient  of  friction. 

The  question  is  of  paramount  importance,  and  as  modern  requirements, 
without  awaiting  its  solution,  make  it  necessary  for  railway  companies 
continuously  to  increase  the  speed  of  their  trains,  we  think  that  all  ideas 
which  might  help  to  solve  the  problem  should  be  brought  forward  and 
discussed  without  delay. 

The  first  Westinghonse  apparatus  (^)  made  the  greater  brake  block  pressure 
at  high  speeds  depend  on  the  magnitude  of  the  coefficient  of  friction  between 
the  blocks  and  the  wheels;  thus  it  established  automatically  a  direct  relation 
between  the  spee^l  of  the  train  and  the  pressure.  This  was  a  rational  solution : 
but  unfortunately  the  apparatus  did  not  give  the  expected  results.  We  shall 
see  subsequently  that  the  hope  of  obtaining  a  solution  in  this  way  has  not 
been  abandoned. 

The  second  apparatus  is  the  high  speed  brake,  the  arrangement  of  which 
is  well  known.  Its  action  depends  purely  on  time,  that  is  to  say  its  effect 
is  constant,  whatever  the  speed  of  the  train  at  the  moment  the  brakes  are 
applied.  If  the  time  the  additional  pressure  on  the  blocks  is  applied  is 
suitably  adjusted  for  speeds  of  say  110  to  120  kilometres  (68*4  to  74-6  miles) 
per  hour,  then  it  is  necessarily  too  long  for  lower  speeds  and  when  speeds 
of  TO  to  80  kilometres  (43*5  to  49*7  miles)  per  hour  are  reached,  wheels 
befjome  locked;  and  this  is  highly  objectionable  from  every  point  of  view. 

I  do  not,  in  this  connection,  lay  any-  particular  stress  on  any  excessive 
strains  produced  on  the  couplings,  as  such  arise  in  all  questions  in  connection 
with  braking;  such  must  be  met  by  the  construction  of  the  couplings  them- 
selves quite  indej>endently  of  the  question  of  brakes.  In  this  connection, 
I  may  mention  the  Westinghonse  friction  draft  gear. 


(*)  See  Douglas  Gallon's  paper  :  On  the  effect  of  brakes  on  railway  trains,  published  in  the  Pro- 
ceedings of  the  Mechanical  Engineers  (June,  1878)  and  reprinted  since. 
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In  spite  of  the  success  tlie  higli  speed  brake  has  had  in  America,  the 
defect  just  referred  to  has  induced  the  Westinghouse  Company  to  seek  for 
improvements,  and  it  at  present  recommends  a  new  express  line  brake,  which 
the  Grermans  call  Sohnellbahnbremse ;  this  has  been  tried  on  the  Bavarian 
State  Railway  and  will  be  further  tested  next  spring. 

We  cannot  sufficiently  praise  the  initiative  of  the  Bavarian  State  Railway 
which  is  always  to  the  front  when  any  new  question  relating  to  brakes  turns 
up;  but  the  trials  made,  at  least  as  described  in  the  Organ  article,  reproduced, 
above,  give  rise  to  several  criticisms  which  it  seems  to  us  incumbent  to 
formulate  before  the  tests  next  spring;  for  these  tests  can,  if  it  is  considered 
advisable,  supply  proof  as  to  whether  our  criticisms  are  correct. 

The  principle  on  which  the  new  brake  is  based  is  to  proportion  the  time 
extra  pressure  is  applied  to  the  brake  blocks  to  the  reduction  of  pressure  in 
the  main  pipe;  this  enables  the  driver  to  regulate  the  action  of  the  Schnell- 
bahnhremse  according  to  the  speed  of  the  train.  The  idea  has  a  good  deal 
in  it,  and  is  worthy  of  careful  consideration,  but  the  arrangement  adopted 
has  one  serious  objection  to  it.  The  air  gauge  with  the  speed  graduation  is 
no  doubt  a  very  good  instrument  under  normal  conditions ;  but  it  is  unfor- 
tunately very  doubtful  if  it  would  be  of  use  in  times  of  danger. 

This  is  a  very  important  point  worth  attention.  We  are  quite  ready  to 
admit  that  this  special  gauge  will  enable  the  driver,  when  in  the  calm  frame 
of  mind  induced  by  normal  conditions,  to  regulate  the  action  of  the  brakes 
according  to  the  speed;  thus  there  is  nothing  surprising  in  the  fact  that 
under  such  normal  conditions  (and  under  such  the  tests  were  made)  the 
distance  within  which  a  stop  was  effected  was  reduced  30  per  cent.  It  is 
very  evident  that  this  would  be  a  great  advantage  as  regards  the  drawing 
up  of  time-tables,  the  regular  running  of  trains  and  the  reduced  distance  of 
the  visibility  of  signals. 

But  what  will  happen  if  an  unexpected  obstacle  suddenly  confronts  the 
driver?  Is  it  reasonable  to  expect  him  to  be  so  calm  and  have  so  accurate 
a  touch  that  he  will  grasp  what  the  speed  is  even  approximately,  and  that 
he  will  adjust  the  brake  so  that  the  needle  will  point  to  the  division  required? 
And  even  if  he  has  this  calmness  and  this  accuracy  of  touch,  is  it  not  a  'priori 
certain  that  precious  time  will  be  lost  by  replacing  the  sudden  instinctive 
operation  of  the  brake  valve,  by  a  calculated,  accurate  and  consequently 
relatively  slow  movement. 

The  future  tests  at  Munich  could,  therefore,  very  usefully  elucidate  the 
following  points  : 

a)  What  time  elapses  between  giving  a  driver  a  suddent  unexpected  order 
to  make  an  emergency  stop,  and  the  moment  the  brakes  are  on  full  : 

1**  In  the  case  of  an  emergency  stop  with  the  old  quick-acting  brake ; 
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2^  In  the  case  of  an  emergency  stop  properly  carried  out  with  the  Schnell- 
bahnbremse? 

This  test,  if  repeated  a  sufficient  number  of  times,  will  alone  make  it 
possible  to  determine  the  practical  importance  of  the  tivie  lost  with  the  new 
brake.  It  is  to  be  noted  that  this  loss  is  at  the  most  unfavourable  moment, 
i.  e.  when  the  train  is  running  at  high  speed. 

6)  What  would  happen  at  the  different  speeds  of  say  120  to  60  kilometres 
(74-6  to  37-3  miles)  per  hour,  if  the  driver  were  to  lose  his  head  and  operate 
the  quick  action  by  quite  or  nearly  emptying  the  main  pipe? 

It  is  particularly  at  the  low  speed  of  60  to  70  kilometres  (37^3  to  43:5 
miles)  per  hour  that  the  latter  test  would  be  of  interest,  for  it  is  more 
particularly  at  points  where  speed  is  reduced,  at  crossings  or  approaches  to 
large  stations,'  complicated  junctions,  etc.,  that  danger  is  most  likely  to 
turn  up  suddenly,  when  a  loss  of  two  or  three  seconds  might  have  the  most 
serious  consequences. 

It  is  also  possible  that  the  new  brake  .may  have  defects  of  a  secondary 
character,  which  may  not  become  apparent  except  with  long  trains  which 
have  already  been  running  for  some  time,  and  will  consequently  certainly 
not  have  become  apparent  to  the  Bavarian  observers.  It  is  by  no  means 
unusual  for  trains  of  sixteen  carriages  to  attain  a  speed  of  110  kilometres 
(68:4  miles)  per  hour;  a  proper  system  of  high  speed  braking  must,  therefore, 
also  work  properly  in  the  case  of  long  trains.     Now  :  ^ 

1**  The  Schnellbahnbremse  has  the  defect  of  expending  air  absolutely 
uselessly  in  the  case  of  ordinary  service  stops.  As  this  air  has  to  be  replaced 
while  the  brakes  are  taken  off,  the  latter  period  becomes  longer  and  the  brake 
consequently  become  less  easy  to  work; 

2**  The  triple  valves  (F)  require  very  careful  maintenance;  for  the  least 
slowness  of  movement  of  this  appliance  while  the  brakes  are  being  taken  off, 
may  have  a  serious  effect  on  the  possibility  of  graduating  the  action  of  the 
brake. 

Taking  it  altogether,  however  ingenious  the  appliance  devised  by  the 
Westinghouse  Company  to  allow  for  the  variation  of  the  coefficient  of  friction 
may  be,  the  Munich  tests  leave  grave  doubt  as  to  its  practical  value. 

In  addition  to  its  evident  qualities,  the  Schnellbahnbremse  has  doubtful 
points  which  require  very  careful  examination.  In  the  present  state  of  the 
problem,  it  is  at  least  certain  that  this  brake  is  by  no  means  a  final  solution; 
in  our  opinion  this  solution  should  rather  be  looked  for  in  the  rational 
direction  of  automatically  regulating  the  brake  block  pressure. 

An  extremely  interesting  attempt  in  this  direction  was  made  by  Messrs.  Sie- 
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mens  and  Halske,  at  the  time  of  the  high-speed  trials  between  Berlin  and 
Zossen. 

It  is  well  known  that  a  heavy  pendulum  freely  hung  in  a  running  train 
does  not  hang  vertically  when  there  is  any  positive  or  negative  acceleration, 
but  forms  an  angle,  with  the  vertical,  proportional  to  the  acceleration,  the 
bob  being  behind  the  vertical  when  the  acceleration  is  positive,  and  in  front 
when  this  is  negative.  A  valve,  placed  at  such  a  distance  in  front  of  the 
vertical,  that  when  touched  and  consequently  opened  by  the  bob  as  soon  as 
the  maximum  negative  acceleration  was  reached,  could  be  utilized  to  take 
oflf  the  extra  pressure. 

Now  whatever  may  be  the  initial  speed  of  braking,  the  maximum  retarda- 
tion always  depends  on  the  increase  of  the  coefficient  of  friction.  The 
pendulum  would  thus  make  it  possible  to  take  off  pressure  at  the  moment 
when  the  coefficient  of  friction  become  such  that  there  was  a  danger  of  locking 
the  wheels. 

This  method  is  such  a  good  and  rational  one  that  it  deserves  further 
investigation,  in  spite  of  its  comparative  failure  at  Zossen. 

Each  time  the  acceleration  varies,  the  pendulum,  before  stopping  in  the 
position  corresponding  to  the  new  acceleration,  makes  a  series  of  oscillations 
during  which  it  swings  more  or  less  beyond  the  position  of  equilibrium. 
Desdouits  has  called  this  quantity  the  lanc6  (the  throw)  of  the  pendulum, 
and  it  is  probable  that  the  irregular  action  observed  at  Zossen  was  due  more 
or  les«5  to  this.  If  this  is  the  case,  it  would  be  easy  to  make  it  practicable  to 
use  a  pendrlum. 

I  have  tried  to  devise  an  apparatus  the  working  of  which  depends  directly 
on  the  speed  of  the  train. 

The  following  is  the  principle  which  at  present  has  only  been  the  subject 
of  a  preliminary  examination  and  which  I  should  be  happy  to  see  worked  out 
by  those  who  have  brought  the  manufacture  of  brakes  to  so  high  a  state  of 
perfection. 

By  means  of  a  cylinder  having  its  piston  operated  by  a  train  axle,  air  is 
compressed  in  a  cylinder  of  given  capacity;  the  air  is  constantly  escaping 
from  this  cylinder  by  means  of  a  very  small  hole  of  suitable  size.  It  follows 
that  the  pressure  in  the  cylinder  depends  at  any  given  time  on  the  speed  of 
the  train ;  consequently,  it  would  be  easy  to  design  a  system  of  valves  which 
would  take  off  the  excess  brake  block  pressure  as  soon  as  the  pressure  in  the 
reservoir,  or  what  comes  to  the  same  thing,  as  soon  as  the  speed  of  the  train 
had  become  reduced  to  the  point  fixed  in  advance. 
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NEW    ARMOURED    PICKLED    WOOD    BEDPLATE, 

By  X. 


Figs.  1  to  6,  p.  1068. 


Count  Joseph  Borini,  manager  of  the  Reggio  Emilia  Railway,  has  proposed  a  new 
pattern  of  bedplate  for  Vignoles  rails,  for  use  on  wooden  sleepers  (*).  It  consists  of 
a  tablet  of  pickled  wood  (fig.  1)  and  of  a  metal  plate  which  forms  the  armouring. 
There  are  right-hand  and  left-hand  patterns  (figs.  2  and  3)  which  only  differ  in  the 
position  of  the  holes  in  the  armouring,  but  the  same  tablet  is  used  in  both  cases. 
When  a  sleeper  has  become  decayed  around  the  holes,  or  these  have  become  too 
large,  the  two  patterns  can  be  interchanged,  new  holes  being  made  in  the  sound 
wood. 

The  tablet  is  rectangular;  there  are  two  holes  for  the  spike  and  the  screwspike; 
the  lower  face  is  horizontal  and  the  upper  face  slopes  downwards,  at  an  angle  of  i 
in  20,  towards  the  inside  of  the  track. 

Leaving  out  of  consideration  foreign  hardwoods  which  are  very  suitable,  but 
cannot  be  used  on  account  of  excessive  cost,  the  most  suitable  wood  is  bcechwood, 
which  is  inexpensive,  has  a  long  life  and  well  resists  hammering  and  crushing. 
.Whatever  wood  be  used,  it  must  be  sound,  well-seasoned,  and  free  from  any  defect. 
It  must  be  cut  so  that  the  fibre  in  the  tablet  runs  crosswise  to  the  track. 

Elm  and  poplar  may  also  be  used;  but  poplar  has  a  much  shorter  life  than  elm 
and  beech. 

The  tablets  are  cut  5  millimetres  (^/^g  inch)  thicker  than  they  will  be  in  actual 
use ;  they  are  reduced  to  the  right  size  after  they  have  been  pickled  in  a  boiling 
bath  of  tar  or  of  carbolineum.  The  latter  is  the  more  expensive  pickle,  but  it  is 
also  more  effective.     The  wood  may  also  be  pickled  before  it  is  cut  up  into  tablets. 

The  metal  armouring  plate  which  holds  the  wood  is  made  in  one  piece;  it  has 
two  holes  corresponding  to  those  in  the  tablet,  and  is  constructed  so  that  the  flange 
of  the  rail  rests  only  on  the  latter  and  is  not  in  contact  with  the  plate  except  at  its 
turned-down  edges.    All  the  plates  must  be  made  exactly  to  gauge. 


(^)  A  description  of  it  is  given  in  a  pamphlet  published  by  the  author. 
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Trials  were  made  with  armouring  plates  made  of  cast  iron,  wrought  iron  and 
steel,  but  the  two  former  are  not  strong  enough  to  be  used. 

The  armoured  plate  is  placed  in  the  same  position  as  the  ordinary  bedplate 
[see  fig.  6),  but  only  the  underside  of  the  wood  rests  on  the  sleeper. 

At  present  the  cost  of  an  armoured  plate  is  greater  than  that  of  the  iron  plate 
generally  used,  but  if  there  was  sufficient  demand  to  justify  laying  down  special 
plant  for  making  armoured  plates,  these  might  very  probably  compete  well  with 
iron  plates. 

The  life  of  the  tablets  may  be  estimated  from  that  of  pickled  beech  sleepers ; 
these  only  have  to  be  replaced  after  from  twenty  to  twenty-five  years  of  service. 
Now  as  the  tablets  can  be  made  of  much  better  quality,  it  is  only  reasonable  to 
assume  that  their  life,  and  consequently  that  of  the  whole  plates  (of  which  they 
form  the  weakest  part)  will  not  be  much  less  than  that  of  the  usual  metal  bed- 
plates. 

When  new  sleepers  are  put  in,  the  bedplate  can  be  removed  without  any  damage 
to  the  tablet,  which  is  protected  by  the  armouring;  and  the  bedplate  can  be  used 
over  again  on  the  track. 

It  is  easy  to  ascertain  the  condition  of  such  an  armoured  plate,  and  to  see  when 
it  becomes  necessary  to  renew  it,  either  wholly  or  partially.  A  new  tablet  must  be 
put  in  when  for  any  reason  the  upper  surface  of  the  w^ood  is  no  longer  higher  than 
the  turned  down  edges  of  the  armouring  plate,  for  then  the  pressure  of  the  rail 
detaches  the  tablet  from  the  armouring.  As  a  rule,  the  upper  surface  should  pro- 
ject 4  millimetres  (V32  inch),  that  is  three  times  as  much  as  the  tablet  will  give 
under  the  heaviest  loads  the  track  can  bear.  It  is  however  not  advisable  to  wait, 
\^ith  the  renewal  of  the  tablet,  till  the  projection  has  become  nil;  a  little  attention 
on  the  part  of  the  permanent  way  men  will  soon  enable  them  to  see  when  this 
operation  is  best  carried  out. 

After  some  general  considerations  on  the  advantages  of  bedplates  as  compared 
with  the  system  of  having  the  rails  in  direct  contact  with  the  sleepers,  the  author 
draws  comparisons  to  show  the  superiority  of  his  armoured  bedplates  to  the  ingot 
iron  or  mild  steel  plates  generally  used. 

The  seat  of  the  armoured  plate  on  the  sleeper  has  a  larger  area,  and  owing  to 
the  compressibility  of  the  tablet  the  surfaces  in  question  are  kept  in  better  contact. 

The  depressions  which  metal  plates  hammer  into  sleepers  are  avoided;  such 
depressions  are  very  much  marked  if  the  sleepers  are  of  wood  softer  than  oak. 

The  fastening  securing  the  rail  to  the  sleeper  is  improved,  consequently  smoother 
rolling  results. 

The  gauge  of  the  rails  is  maintained  better,  owing  to  the  great  stiffness  which 
results  from  the  better  contact  between  the  rail,  the  wooden  tablet  of  the  armoured 
plate  and  the  sleeper. 

The  edges  of  the  armouring  protect  the  spikes  and  screwspikes  better  against  the 
direct  action  of  the  flange  of  the  rail,  also  owing  to  the  greater  stiffness  of  the 
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Fig.  4.  —  Cross-section  of  armouring. 


Cross-section. 
Fig.  1.  —  Pickled  wood  tablets. 


Fig.  2.  —  Plan  of  armouring. 


Fig.  5.  —  Side  view  of  armoured  plate. 


I 


Fig.  6.  —  Cross-section  of  rail  and  armoured  plate  fixed 
to  sleeper. 


Fig.  3.  —  Plan  of  armoured  bedplate. 

Figs.  2  to  5.  —  Armouring  and  armoured  pl.ite. 
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fastening.  The  life  of  the  spikes  and  screwspikes  is  also  improved  by  their  lubrica- 
tion by  the  pickle  which  is  squeezed  out  of  the  tablet  by  the  pressure  of  the  rail 
when  a  train  passes. 

The  same  action  tends  to  the  pickling  of  the  sides  of  the  holes  in  the  sleepers; 
this  prevents  the  decay  of  the  wood  at  those  places.  Sleepers  have  often  to  be  taken 
out  from  the  track  on  account  of  such  decay. 

Owing  to  the  much  better  contact  between  the  sleeper  and  the  tablet,  it  is  more 
diflScult  for  wet  to  work  into  the  holes  than  when  ordinary  plates  are  used. 

A  bedplate  which  consists  entirely  of  metal  is  subjected,  when  trains  pass,  to 
vibrations  which  strain  the  fastenings  and  accelerate  the  destruction  of  the 
sleepers. 

This  disadvantage  does  not  exist  in  the  case  of  the  armoured  plate,  for  the  fol- 
lowing reasons  : 

i®  The  pickling  of  the  wood  round  the  holes  in  the  sleepers,  referred  to  above, 
increases  the  resistance  to  the  displacement  and  to  the  drawing  of  the  spikes  and 
screwspikes ; 

2**  As  there  is  better  contact  between  metal  and  wood  than  between  metal  and 
metal,  the  vibrations  are  less;  this  improves  the  stiffness  of  the  fastening; 

3**  The  supporting  surfaces  are  materially  larger,  so  that  the  load  on  the  sleeper 
is  better  distributed; 

4*  Owing  to  the  compressibility  of  the  wood,  the  tablet  is  always  in  contact  with 
the  sleepers  and  the  bottom  of  the  rail;  the  angle  therefore  remains  constant ; 

5<»  This  compressibility  of  the  tablet  neutralizes  part  of  the  stresses  which  would 
otherwise  be  transmitted  to  the  sleeper ; 

fi**  As  the  armoured  plate  is  larger,  it  forms  a  better  protection  for  that  part  of  the 
sleeper  which  it  covers,  which  is  the  part  most  liable  to  deterioration.  This 
protection  is  the  more  effective  the  better  the  contact  between  the  tablet  and  the 
sleeper. 

This  is  a  very  important  advantage,  as  sleepers  have  often  to  be  taken  out  because 
the  wood  is  decayed  near  and  below  the  bedplate,  on  the  inner  side,  particularly  in 
cases  where  ballast  is  not  readily  permeable. 

Some  trials  of  these  plates  have  been  carried  out  on  standard  gauge  lines  belong- 
ing to  the  Italian  State. 

The  first  trials  were  made  in  the  open  track,  on  a  curve  with  a  radius  of 
250  metres  (i2  */«  chains),  at  a  place  where  the  trains  run  at  40  kilometres 
(24-9  miles)  per  hour.  The  trains  consist  of  cars  having  axle-loads  of  42  to 
13-5  tons,  and  are  hauled  by  six-wheel  locomotives  weighing  34  tons.  The  plates 
were  left  uncovered  during  the  whole  summer  of  1904,  in  order  to  allow  the  weather 
to  exercise  its  full  effect. 

The  highest  and  lowest  temperatures  recorded  during  the  year  were  +36**  and 
—12*  C.  (+97*  and  +10-4«  Fahr.). 
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No  change  could  be  detected  in  the  plates  after  a  year;  the  fastening  of  the  rail, 
plate  and  sleeper  was  as  stiff  as  on  the  day  it  was  made. 

Other  trials  made  on  a  2,000  metre  (400  chains)  curve  as  well  as  on  the  track 
going  from  Reggio  station  to  the  loco  sheds'gave  similar  results. 

These  observations  only  extend  over  a  comparatively  short  time  and  over  rather 
short  sections  of  line;  nevertheless,  the  excellent  results  obtained  lead  to  the  expecta- 
tion that  the  plates  will  have  a  sufficiently  long  life  to  make  the  general  adoption 
of  the  system  advisable. 
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1«  SECTION  —  WAY  AND  WORKS. 


[  624  .63  &  721  .9  ]  QUESTION   IV. 


CONCRETE  AND  IMBEDDED  METAL 


o'i^o 


The  use  of  concrete  strengthened  by  the  use  of  imbedded  metal  in  railway 
work. 

Comparison,   from   the  point  of  view   of  cost,   of  bridges  of  concrete 
strengthened  by  the  use  of  imbedded  metal,  with  those  of  metal. 


Reporters  : 

America.  —  Mr.  J.  F.  Wallace,  lale  general  manager,  Illinois  Central  Railroad,  chief 
engineer  Panama  Canal  Commission. 

Russia.  —  Mr.  Serge  de  Kareisciia,  conseiller  d'£tat,  professeur  a  TEcoIe  des  voies  de  com- 
munication, vice-directeur  du  departement  de  Teiploitation  a  TAdministration  des  chemins 
de  fer  de  I'Empire  russe,  president  du  bureau  des  conferences  consultatives  des  ingenieurs 
de  la  voie. 

Other  countries.  —  Mr.  W.  Ast,  conseiller  de  regence,  directeur  de  la  construction 
du  chemin  de  fer  autrichien  Nord  Empereur  Ferdinand. 
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SECTIONAL    DISCUSSION 


Meeting  beld  on  May  10,  1905  (afternoon). 


Mr.  PONTZEN,  vice-president,  in  the  chair. 

The  President.  (In  French.)  —  Messrs.  de  Kareischa  and  Ast  having  been  unable  to 
come  over  from  Europe,  Messrs.  Kupka  and  Tolslopiatoff  have  been  kind  enough  to 
undertake  drafting  some  conclusions,  summarizing  the  three  reports.  They  were 
unable  to  meet  Mr.  Wallace,  the  third  reporter,  but  we  hope  that  he  will  be  able  to 
take  part  in  the  discussion. 

I  now  call  upon  Mr.  Kupka  to  summarize  Mr.  Ast*s  paper. 

Mr.  Kupka,  Kaiser  Ferdinand  Nordbahn,  Austria.  —  Well,  gentlemen,  my 
colleague  and  friend,  Mr.  Ast,  who  did  not  cross  the  Atlantic  because  of  his  delicate 
health,  asked  me  to  represent  him  and  to  read  you  the  paper,  the  summary  of 
subject  4,  the  question  concerning  concrete  and  imbedded  metal. 

The  very  good  results  obtained,  during  the  last  ten  years  or  so,  by  the  use  of 
armoured  concrete  for  structures  of  all  kinds,  led  the  committee  of  the  International 
Railway  Congress  at  its  seventh  session  now  being  held  in  Washington,  to  put  the 
question  whether  this  system  of  construction  could  be  applied  with  advantage,  both 
technically  and  economically,  to  railway  work. 

The  reporters  appointed  for  the  purpose  have  issued  their  reports,  which  are 
based  on  the  answers  kindly  given  by  the  railways  belonging  to  the  International 
Railway  Congress  to  the  lists  of  questions  sent  out,  and  on  other  information;  the$e 
reports  have  been  for  some  time  in  the  hands  of  members. 

The  reports  and  the  descriptions  of  structures  built  on  this  system  show  that  it 
has  already  been  extensively  used  in  all  different  branches  of  railway  work,  although 
it  was  only  first  introduced  a  comparatively  short  time  ago;  this  applies  not  only  to 
buildings  above  and  below  ground,  but  also  to  the  many  structures  required  in 
connection  with  the  track. 

The  reports  also  show  that  this  system  of  construction  (given  proper  design  and 
careful  execution  of  the  work)  has  given  very  excellent  results,  both  from  the 
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technical  and  from  the  economic  point  of  view,  and  that  the  use  of  armoured 
concrete  has  long  passed  the  experimental  stage. 

Concrete  as  such,  produced  by  mixing  cement,  sand,  stone  and  water,  was 
already  used  successfully  at  an  early  period  in  constructing  parts  which  were  only 
subject  to  compressive  stresses. 

To  use  concrete  for  parts  liable  to  bending  or  buckling,  where  not  only 
compressive  but  also  tensile  stresses  would  have  to  be  resisted,  only  became 
possible  when  metal  was  imbedded  in  it,  such  metal  giving  the  strength  necessary 
to  resist  such  stresses.     In  this  way  armoured  concrete  came  to  be  used. 

The  metal  is  imbedded  and  arranged  in  the  concrete  in  many  different  ways; 
but  all  armouring  systems  can  be  referred  to  three  main  types,  viz. : 

1**  The  Monier  system,  in  which  iron  netting  is  imbedded  in  the  concrete; 

2^  The  Melan  system,  in  which  girderwork  is  imbedded  in  the  concrete.  The 
girderwork  does  the  chief  work  in  carrying  the  loads;  the  concrete  only  plays  a  very 
secondary  part,  sometimes  acting  only  as  a  covering  material ; 

3®  The  Hennebique  system,  in  which  the  rods  used  for  armouring  are  so 
•arranged  as  to  resist  not  only  the  tensile  stresses  produced  in  the  structure,  but  also 
the  shearing  stresses. 

In  the  case  of  the  last  mentioned  system,  it  is  possible  to  design  the  structure 
30  that  all  the  diiferent  stresses  occurring  in  it  are  provided  for,  and  that  the  chief 
mechanical  properties  of  concrete  and  of  iron  (resistance  to  compression  of  the 
former,  to  tension  and  shear  of  the  latter)  are  utilized  rationally  and  economically. 

The  reports  submitted  show  that  the  three  systems  described  are  used  by  the 
railways  belonging  to  the  Congress;  the  Melan  system  being  more  generally  applied 
in  America,  the  Monier  system  in  Russia  and  the  Hennebique  system  in  the  other 
<iountrie8. 

The  statements  made  and  the  particulars  given  in  the  reports,  which  were 
<Irawn  up  independently  of  each  other  by  the  three  reporters,  agree  perfectly  that 
armoured  concrete  is  a  very  suitable  material  for  structures  of  all  kinds. 

Armoured  concrete  in  fact  combines  the  good  qualities  of  stone  and  of  iron  in 
buildings,  without  having  the  bad  qualities  of  either.  It  is  as  good  as  stone,  or 
€ven  better,  as  regards  inalterability,  non-conduction  of  heat  or  of  sound,  and  fire- 
proof qualities;  it  strongly  resists  the  action  of  weather,  of  smoke  gases,  and  of  most 
liquids. 

In  addition,  owing  to  its  great  strength,  it  is  suitable  for  girderwork  for  large 
spans,  just  as  iron  is;  no  great  depth  of  construction  being  required. 

The  use  of  iron,  however,  gives  rise  to  sundry  difficulties  from  the  architectural 
point  of  view,  but  the  use  of  armoured  concrete  makes  it  possible  to  satisfy  all 
aesthetic  requirements,  as  concrete  has  the  property  that  it  can  easily  be  given  any 
shape  required. 

Moreover,  the  use  of  stone  is  dependent  on  the  presence  of  suitable  quarries. 
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unless  indeed  much  time  is  to  be  lost  by  ordering  it  in  advance  (just  like  iron  work) 
and  much  expense  for  carriage  is  to  be  incurred.  On  the  other  hand,  the  materials 
required  for  armoured  concrete,  viz.  :  cement,  sand,  broken  stone,  and  ordinary 
round  and  flat  iron,  can  nearly  everywhere  be  obtained  readily  and  quickly, 
without  incurring  heavy  cost  of  carriage  and  loss  of  time. 

Then  also,  stone  as  well  as  iron  structures  require  expensive  arrangements  for 
loading  and  unloading,  as  well  as  for  putting  into  place  (cranes,  etc.),  whereas  when 
armoured  concrete  is  used  very  simple  and  cheap  installations  suffice. 

The  many  loading  tests  made  show  that  armoured  concrete  has  the  advantage, 
as  compared  with  iron,  of  greater  stiffness,  %,  e,  of  greater  resistance  to  bending; 
and  for  this  reason  as  well  as  owing  to  its  greater  mass  it  resists  so-called  dynamic 
actions  better,  i.  e.  the  shocks  and  vibrations  produced  by  rolling  loads,  etc. 

The  technical  advantages  mentioned  naturally  go  hand  in  hand  with  economic 
advantages.  The  reports  submitted  to  the  Congress  give  particulars  in  this  connec- 
tion, which  show  that  structures  made  of  armoured  concrete  in  most  cases  cost  less 
to  build,  than  they  would  have  cost  if  made  of  other  materials.  Moreover,  it  is  not 
to  be  forgotten  that  not  only  the  cost  of  construction  but  also  that  of  maintenance  is 
an  important  factor.  But  experience  everywhere  has  shown  that  the  latter  is  very 
low  or  nil  in  the  case  of  armoured  concrete,  whereas  it  is  well  known  that  struc- 
tures made  of  iron  and  of  wood  require  frequent  repair,  and  this  apart  from  its 
expense  often  makes  it  difficult  or  more  expensive  to  work  the  traffic. 

The  technical  and  economical  advantages  mentioned,  which  armoured  concrete 
possesses,  make  it  sure  that  it  has  a  great  future  before  it  in  railway  work.  Hence- 
forth its  use  will  extend  much  more  quickly,  because  the  many  experiments  and 
theoretical  investigations  made  during  the  last  few  years  have  resulted  in  obtaining 
the  desirable  scientific  clearness  on  the  subject  of  this  system  of  construction.  The 
most  important  results  of  the  investigations  in  question,  and  the  systems  of  calcula- 
tion deduced  from  them,  are  described  in  the  reports  submitted  by  the  reporters 
and  their  accuracy  is  estimated. 

We  are  now  in  a  position  to  calculate,  by  reliable  methods  quite  sufficiently 
accurate  for  all  practical  purposes,  the  strength  of  armoured  concrete  structures, 
and  so  can  determine  in  advance  when  and  where  this  system  of  construction  can 
be  applied  with  perfect  safety. 

In  consequence  of  these  scientific  elucidations  and  of  the  results  obtained  in 
practice,  the  authorities  and  corporate  institutions  of  sundry  countries  (e,  jf.,  the 
Prussian  Board  of  Works,  the  Swiss  Ingenieur  tind  Architekten  Vereiriy  the  Verein 
deutscher  Architekten  und  Ingeiiieur  Vereine,  the  German  Betonbau  Verein,  the 
American  Railway  Engineering  and  Maintenance  of  Way  Association)  have  worked 
out  detailed  specifications,  in  which  particulars  are  given  about  the  properties  the 
materials  used  in  making  concrete  and  in  armouring  it  should  possess,  about  the 
best  way  of  executing  such  work  (proportions  in  which  the  concrete  is  to  be  mixed, 
time  required  for  setting,  etc.),  about  the  methods  used  for  testing  finished  struc- 
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tures,  and  finally  about  the  methods  of  static  calculation  and  the  greatest  admissible 
stresses. 

The  particulars  laid  down  in  these  specifications  are  not  only  of  importance 
from  the  point  of  view  of  the  building  regulations,  but  also,  because  carefully  and 
scientifically  worked  out  by  those  concerned,  very  suitable  for  giving  designers  a 
good  and  safe  basis  on  which  to  design  new  works  and  execute  them,  and  to  confirm 
the  public  confidence  in  the  new  system  of  construction.  These  specifications  may 
safely  be  expected  to  promote  the  extended  application  of  armoured  concrete. 

The  state,  thus  characterized,  of  the  question  of  the  application  of  armoured 
concrete  leads  us  to  the  following  conclusions,  which  we  herewith  submit  to  the 
Railway  Congress  for  approval  : 

1<»  Armoured  concrete  has  been  applied  extensively  on  railways  for  many 
different  purposes.  It  is,  from  the  technically  constructional  as  well  as  from  the 
economic  point  of  view,  quite  able  to  compete  successfully  with  masonry,  wood 
and  iron  work. 

As  this  is  already  the  case,  i.  e,  after  scarcely  ton  years  of  practical  application 
of  armoured  concrete,  it  may  safely  be  prophesied  that  this  modern  system  of 
construction  has  a  great  future  before  it;  all  the  more  so  as  improvements  and 
advances  are  being  made  every  day. 

The  further  application  of  armoured  concrete  is  herewith  strongly  recommended 
to  railway  managements; 

2®  Of  the  systems  of  armouring  hitherto  applied,  the  Hennebique  system  and 
the  analogous  systems  are  to  be  preferred ;  they  have  a  scientific  basis  and  have  been 
worked  out  rationally. 

The  President.  (In  French.)  —  I  now  call  upon  Mr.  Tolstopiatoff  to  give  us  a 
summary  of  Mr.  de  Kareischa*s  report. 

Mr,  Tolstopiatoff,  Russian  State  Railways.  (In  French.)  —  The  use  of  armoured 
concrete  in  Russia  for  structures  of  all  kinds  dates  back  to  about  1885.  At  first 
armoured  concrete  structures  were  built  almost  exclusively  on  the  Monier  system 
because  it  was  the  system  which  first  received  the  official  approval  of  the  Ministry. 

The  mixture  of  the  concrete  used  in  the  works  carried  out  on  this  system,  gene- 
rally consisted  of  one  part  of  cement  to  three  parts  of  sand  or  gravel  and  excep- 
tionally of  one  part  of  cement  to  four  parts  of  sand. 

The  maximum  stress  allowed  was  :  for  concrete,  20  kilograms  per  square  centi- 
metre (284  lb.  per  square  inch) ;  for  iron  armouring,  700  kilograms  per  square 
centimetre  (9,960  lb.  per  square  inch). 

Many  trials  and  investigations  were  carried  out  between  1891  and  1898  at 
St.  Petersburg  and  between  1898  and  1899  at  Kiev,  the  latter  by  Prince  Koudachev 
for  the  South  Western  Railway. 

I  need  not  further  occupy  your  time  in  mentioning  all  the  tests  and  investigations 
which  are  minutely  described  in  the  report  itself. 
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I  should,  however,  like  to  draw  the  attention  of  the  section  to  the  description 
^iven  by  Professor  Kareischa  on  the  very  successful  application  of  armoured  concrete 
in  constructing  the  caissons  for  bridges  on  the  East  China  Railway  and  on  the 
Bologoe-Sedlitz  Railway. 

These  caissons  were  constructed  on  the  pattern  patented  by  Mr.  A.  N.  Lcntovsky. 
The  chamber  walls  of  these  caissons  are  of  stone  masonry  and  the  top  of  the  chamber 
has  a  flat  cover  of  armoured  concrete. 

In  1901  and  1902,  Mr.  A.  N.  Lentovsky  put  down  sixty-two  of  these  caissons. 
In  going  down  the  caissons  passed  through  various  soils  such  as  sand,  clay,  rock, 
and  conglomerate.  Moreover,  they  were  sometimes  under  very  abnormal  conditions 
and  subjected  to  considerable  e^tra  stresses  without  any  crack  resulting. 

The  main  advantages  of  these  caissons  are  the  following  : 

1**  They  cost  less  than  those  of  the  ordinary  patterns; 
2*»  They  hold  the  compressed  air  without  the  smallest  leakage; 
3**  The  expenditure  on  metal  is  markedly  less  than  that  given  by  Mr.  Brenneke 
for  masonry  caissons  with  arched  roofs. 

In  comparing  the  cost  of  his  caissons  with  that  of  iron  caissons,  Mr.  Lentovsky 
found  that  one  of  his  caissons  of  a  sectional  area  similar  to  that  of  an  iron  one  only 
€0sl  from  16  to  22  per  cent  as  much. 

The  President.  (In  French.)  —  I  now  have  again  to  call  upon  Mr.  Tolstopiatoff  to 
read  a  summary  of  Mr.  Wallace's  report. 

Mr.  Tolstopiatoff.  (In  French.)  —  The  general  use  of  Portland  cement  concrete  for 
permanent  way  constructions  in  America  hardly  dates  back  further  than  1894  and 
1893.  The  main  reasons  that  led  to  the  present  generalisation  of  the  use  of  Port- 
land cement,  are  :  1*^  the  lack  of  generally  distributed  good  dimension  stone,  easily 
cut  and  worked  ;  2**  the  growth  of  the  Portland  cement  industry  (the  consumption 
of  cement  in  the  States  in  1902  was  28,627,429  barrels  [3,152,937,220  kilograms], 
the  extreme  prices  at  the  mill  being  90  cents  to  2  dollars  50  cents  per  barrel  [2*50 
to  6-95  francs  per  100  kilograms]);  3°  the  facility  with  which  concrete  can  be  hand- 
led, as  compared  with  dimension  stone,  and  the  decreased  car  equipment  required, 
and  4**  the  difference  in  cost  between  Portland  cement  and  dimension  stone. 

Some  very  interesting  experiments  and  theoretical  investigations  have  been  under- 
taken by  Professor  W.  K.  Hatt,  of  the  Purdue  University,  at  Lafayette  (Indiana)  with 
a  view  to  discovering  a  good  method  of  analyzing  the  strength  of  armoured  con- 
crete under  flexure. 

The  theory  takes  account  of  that  part  of  the  bending  moment  due  to  tensional 
forces  in  the  concrete,  and  it  supposes  that  the  stress  in  the  concrete  of  the  beam 
varies  with  the  distance  from  the  neutral  axis. 

The  tests  were  conducted  on  beams  8x8  inches  in  cross-section  of  1-2-4  con- 
crete. 
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The  main  facts  disclosed  by  tiiese  tests  are  the  following  : 

i^  The  flexibility  of  reinforced  concrete  beams,  that  is,  the  degree  of  deflection 
before  cracks,  visible  to  the  naked  eye,  are  formed  in  the  lower  part  of  the  beam^ 
is  about  ten  times  that  of  a  beam  without  reinforcement; 

2*^  In  the  tests  of  this  i-2-4  concrete,  the  first  visible  failure  was  a  tension  crack 
in  the  concrete  at  the  centre  of  the  beam.  The  tensile  strength  ot  the  concrete  in 
the  1-2-4  beams  was  about  300  lb.  per  square  inch.  After  the  first  visible  crack 
in  tension  it  spreads  upwards.  There  the  strength  of  the  steel  in  tension  and  con- 
crete in  compression  is  brought  into  play.  The  higher  the  elastic  limit  of  the 
steel,  the  more  one  postpones  the  point  of  rapid  increase  in  the  width  of  this  cracky 
and  when  steel  is  used  of  sufficiently  high  elastic  limit,  and  in  suflicient  quantity, 
the  compression  strength  of  the  concrete  in  the  upper  flanges  will  be  developed; 

3<*  On  examining  the  diagram  of  the  deflections  observed  in  reinforced  concrete 
beams,  it  is  easy  to  see  that  the  ratio  between  the  load  and  deflection  remains  very 
nearly  constant  up  to  the  point  "  A  ",  which  is  one  half  to  one  third  the  maximum 
strength.  The  inclination  of  the  curve  then  becomes  less  to  the  deflection  axis, 
and  the  deflection  proceeds  until  a  crack  visible  to  the  naked  eye  appears  in  the 
tension  flange  of  the  beam,  accompanied  by  a  deflection  of  about  one  five  hundredth 
part  of  the  span. 

Professor  Hatt  has  advanced  a  theory  to  account  for  these  three  points  :  "  A  ", 
first  crack  and  maximum  strength,  and  finds  his  theory  is  flexible  enough  to  pre- 
dict the  behaviour  of  a  beam  at  various  stages  of  the  test,  when  such  beam  is  rein- 
forced with  different  percentages  of  metal  placed  at  different  parts  of  the  cross- 
section. 

The  equations  supplied  by  this  theory  are  complicated  and  difficult  to  apply,  but 
they  can  be  represented  graphically  or  replaced  by  a  simple  formula  that  may  be 
called  "  The  straight  line  formula  for  a  reinforced  concrete  beam  "  and  it,  for 
ordinary  percentages  of  reinforcement,  meets  all  requirements. 

Very  important  tests  were  also  carried  out  by  Messrs.  Samuel  W.  Emerson  and 
George  A.  Pcabody;  they  had  for  their  object  the  determination  of  the  existence 
and  the  amount  of  the  initial  stress  in  imbedded  steel  rods  due  to  the  expansion 
and  contraction  of  concrete. 

After  investigating  the  results  obtained  by  the  tests  mentioned  and  by  other  tests 
of  less  importance,  the  author  came  to  the  conclusion  that  further  experiments  upon 
the  fatigue  of  reinforced  beams  and  the  variations  caused  by  using  different  grades 
and  proportions  of  material  are  needed  before  steel  concrete  structures  can  be 
designed  with  the  same  accuracy  as  in  steel  structures.  For  the  present,  the 
author  of  the  report,  Mr.  Wallace,  believes  it  advisable  to  observe  the  following^ 
precautions  : 

i^  The  factor  of  safety  should  be  chosen  both  with  reference  to  the  elastic  limit  of 
the  steel  reinforcement  and  with  reference  to  the  point  "  A  "  of  the  Halt  formula. 
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which  is  approximately  the  point  at  which  the  tension  strength  of  plain  concrete  is 
exceeded ; 

2*»  Where  the  structure  is  to  be  subjected  to  an  indefinite  number  of  repetitions  of 
stress,  the  greatest  possible  stress  including  temperature  and  contraction  stresses^ 
and  a  reasonable  allowance  for  impact,  should  not  exceed  the  limit  of  the 
point  "  A  "  in  Hatt  formula,  with  a  reasonable  factor  of  safety,  say  one  and  one 
half. 

The  additional  strength  corresponding  to  the  elastic  limit  of  the  steel  can  be  con* 
sideredas  an  additional  safety  factor; 

3<»  In  all  structures,  the  shearing  stresses  should  be  carefully  considered; 

4*»  An  efficient  anchorage  should  be  provided  at  the  ends  of  all  reinforced 
beams ; 

5**  During  and  after  construction,  all  concrete  should  be  well  sprinkled  in  order 
to  avoid,  as  few  as  possible,  the  contraction  stresses ; 

6*  Concrete  laid  in  air  should  generally  be  reinforced  with  steel  to  prevent 
shrinkage  and  temperature  cracks  and  to  add  tensional  strength  and  flexibility. 

Mr.  Wallace's  report  then  goes  on  to  give  a  detailed  description  of  various 
extremely  interesting  structures  of  reinforced  concrete  carried  out  by  American 
railways. 

In  closing  this  summary,  I  will  content  myself  with  drawing  your  attention  to  the 
fact  that  of  eighty-eight  American  railways  that  have  sent  in  replies  to  the  author, 
representing  a  total  mileage  of  415,000  miles,  thirty-nine  railways  with  a  mileage  of 
79,142  miles  generally  use  concrete  structures  in  road-bed  structures,  and  four 
roads  with  a  mileage  of  14,749  miles  use  reinforced  concrete  in  road-bed  structures 
where  concrete  alone  is  not  of  sufficient  strength  to  carry  the  load. 

Mr.  Wallace's  report  does  not  contain  any  general  conclusions,  but  it  in  no  way 
contradicts  the  conclusions  proposed  by  the  other  reporters. 

The  President.  (In  French.)  —  The  first  of  the  conclusions  submitted  to  the  sections 
by  Messrs.  Kupka  and  Tolstopiatoff  and  now  to  be  discussed,  reads  as  follows  : 

"  1**  Reinforced  concrete  has  received  many  and  important  applications  on  rail- 
roads. Both  from  the  technical  and  economical  point  of  view,  it  can  fully  and 
successfully  compete  with  masonry  and  timber  or  steel  construction.  " 

Mr.  Mintz,  French  Eastern  Railway.  (In  French.)  —  For  my  part,  I  have  no 
positive  data  as  to  the  good  priiservation  of  armoured  concrete  works  underneath 
tracks.  As  regards  those  above  the  soil,  I  do  not  for  a  moment  question  the  value  of 
armoured  concrete. 

Mr.  Baachal.  French  Western  Railway.  (In  French.)  —  The  Western  Company  of 
France  finds  that  structures  spanning  6,  8  and  10  metres  (19  ft.  8  V4  ^^-^  26  ft.  3  in. 
and  32  ft.  9  in.)  can  very  well  be  made  of  armoured  concrete. 


Digitized  by 


Google 


—  1080  —    • 

My  personal  experience  has  led  me  to  recognize  that  we  ought  to  draw  a  distinction 
between  armoured  concrete  put  in  before  a  line  is  opened  and  that  which  is  laid 
once  a  line  has  been  opened. 

We  wanted  lo  strengthen  some  iron  structures  on  a  double  line  which  was  being 
worked,  using  armoured  concrete  and  we  found  that  the  execution  of  the  work 
presented  several  disadvantages.  First  of  all,  the  process  prolongs,  often  to  an 
intolerable  degree,  the  time  occupied  in  repairs,  because  on  each  track  one  has  to 
wait  till  the  concrete  is  set. 

Secondly,  it  is  not  certain  whether  the  vibrations  caused  by  trains  running  on  one 
of  the  tracks  are  not  likely  to  interfere  with  the  proper  setting  of  the  concrete  used 
on  the  other  track  and  with  the  proper  adhesion  of  this  concrete  to  its  metallic 
bed. 

Mr.  Elskes,  principal  secretary.  (In  French.)  —  I  should  like  to  recount  to  you 
-some  experiments  I  had  an  opportunity  of  making  myself. 

In  a  Vienna  paper,  I  had  occasion  to  mention  the  result  of  some  experiments 
carried  out  on  the  Jura-Simplon  railways  in  Switzerland  which  now  form  part  of 
tlie  Federal  system.  (Mr.  Elskes  handed  round  some  plates  from  this  journal  "  Beton 
und  Eisen  ",  1903.) 

Since  1894,  I  have  constructed  a  certain  number  of  armoured  concrete  bridges 
of  which  spans  the  did  not  exceed  4*80  metres  (15  ft.  9  in.);  they  all  consisted  of 
floor  slabs  and  parallel  girders  which  had  no  thrust  on  the  abutments. 

I  share  Mr.  BauchaFs  opinion  in  thinking  that  the  spans  of  these  bridges  ought 
not  to  exceed  8  or  40  metres  (26  ft.  3  in.  or  32  ft.  9  in.). 

As  for  the  difficulty  of  working  on  lines  in  operation,  1  think  a  large  measure  of 
compensation  for  the  trouble  caused  will  be  found  in  the  advantages  arising  from 
the  use  of  armoured  concrete. 

During  the  ten  years  since  the  bridges  I  mentioned  were  built,  expenditure  on 
their  maintenance  has  been  practically  nil  as  compared  with  the  expense  of 
maintaining  iron  bridges. 

I  think,  however,  that  it  would  be  wise  for  the  Congress  not  to  express  any  views 
yet  with  regard  to  bridges  to  be  constructed  under  the  track,  because  experience  in 
this  direction  has  been  too  small. 

It  is  to  be  hoped  that  during  (his  discussion  we  may  hear  the  views  of  some 
specialists,  especially  of  Mr.  Rabut  who  is  an  authority  on  the  subject.  He 
has  had  a  large  experience  of  this  process,  and  will  be  able  to  give  us  valuable 
information. 

As  Mr.  Rabut  is  not  present,  I  hope  you  will  adjourn  the  discussion  on  conclusion 
I  until  to  morrow. 

The  President.  (In  French.)  —  As  the  subject  of  armoured  concrete  was  not  to  come 
up  for  discussion  until  to  morrow  morning,  Mr.  Rabut  has  every  excuse  for  not  being 
present  this  afternoon. 


Digitized  by 


Google 


—  1081  - 

As  suggested  by  Mr.  Elskes,  it  would  be  of  great  interest  to  the  section  to  hear 
what  this  French  engineer  has  to  say  and  consequently  I  think  you  will  all  agree 
that  it  would  be  well  to  adjourn  our  debate  till  to  morrow.  (Agreed,) 

—  The  meeting  rose  at  230  p.  m. 


Meeting  held  on  May  11,  1905  (morning). 


—  The  first  conclusion,  the  text  of  which  was  read  at  yesterday's  meeting,  was  put 
to  the  vote  and  adopted. 

The  President.  (In  French.)  —  The  second  conclusion  proposed  by  Messrs.  Kupka 
and  Tolstopiatofl  reads  as  follows  : 

*  2**  Tests  of  reinforced  concrete  structures,  theoretical  researches  on  the  question, 
and  the  results  of  practice  justify  the  conclusion  that  such  structures  need  not  cause 
any  apprehension,  and  that  their  application  be  strongly  recommended  to  railway 
administrations.  " 

—  This  conclusion  was  adopted. 

The  President.  (In  French.)  —  The  third  conclusion  suggested  is  as  follows  : 

"  3**  Railroad  practice  shows  that  carefully  built  reinforced  concrete  structures 
give  excellent  service  and  require  almost  no  maintenance.  For  this  reason  the  use 
of  reinforced  concrete  should  be  recommended.  " 

Mr.  Elskes,  principal  secretary.  (In  French.)  —  After  yesterday's  meeting  I  had  an 
interesting  discussion  with  Mr.  Bauchal,  who  you  will  remember  made  some  objec- 
tions as  regards  the  cost  of  armoured  concrete. 

I  should  like  to  say  that  our  experience  in  Switzerland  proves  that,  allowing  for 
the  inconveniences  arising  on  lines  in  operation,  the  cost  of  armoured  concrete 
bridges  is  perhaps  higher  than  that  of  iron  bridges,  although  in  itself  armoured 
concrete  is  cheaper  than  iron.  But  despite  this  increased  cost  of  construction,  there 
are  still  very  serious  economic  advantages  in  using  reinforced  concrete,  and  these 
advantages  result  as  I  have  stated,  in  a  marked  reduction  in  maintenance  expenses. 

I  may  add  that  the  bridges  which  have  been  built  in  Switzerland  are  not  only  on 
secondary  lines  but  also  on  main  lines,  for  instance,  on  the  line  between  Lausanne 
and  Geneva  and  on  the  Simplon. 

Not  only  has  the  Swiss  Federal  Inspecting  Department  made  no  objection  to  the 
construction  of  such  works,  but  it  has  actually  encouraged  experiments  with 
armoured  concrete. 

Hr.  Babut,  French  Western  Railway.  (In  French.)  —  I  think,  gentlemen,  it  would 
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be  too  sweeping  to  assert  that,  though  it  involves  difficulties  in  working,  armoured 
concrete  is  not  as  cheap  as  metal. 

If  we  were  to  interpret  Mr.  Bauchal's  observation  in  this  sense,  we  should  be  going 
too  far.  I  can  give  you  an  instance  of  the  use  of  armoured  concrete  on  a  line  where 
there  are  extraordinary  difficulties  in  operation,  and  yet  armoured  concrete  proved 
advantageous,  not  only  from  an  economic  point  of  view,  but  also  from  the  stand- 
point of  the  speed  at  which  it  was  carried  out  as  compared  with  putting  in  metal. 

I  am  alluding  to  the  quadruple  line  from  Paris  to  Auteuil,  between  Courcelles  and 
the  Paris  Champ  de  Mars  station.  The  work  was  begun  in  1898  and  finished  in  1900 
for  the  Exhibition. 

We  had  to  put  in  four  tracks  for  3  kilometres  (1*86  mile)  and  that  was  inside 
Paris  at  the  bottom  of  a  cutting  6  metres  (19  ft.  8  in.)  deep  lined  with  sustaining 
walls.  On  the  two  existing  lines  trains  were  running  both  night  and  day  at  inter- 
vals of  every  five  minutes.  There  are,  on  this  line,  twelve  bridges  and  tunnels  over 
which  pass  roads  with  heavy  traffic  such  as  the  Avenue  de  la  Grande  Arm^e  and 
that  of  the  Bois  de  Boulogne  —  traffic  that  could  not  be  interrupted. 

The  work  was  therefore  surrounded  with  exceptional  difficulties  especially  in  view 
of  the  lack  of  room  for  putting  up  sheds. 

First  we  had  to  build  new  sustaining  walls,  pull  down  and  rebuild  the  bridges 
and  tunnels  which  spanned  the  line;  we  had  to  construct  projections  extending  as 
much  as  3  metres  (9  ft.  10  in.)  to  carry  the  two  boulevards  which  run  along  the  line. 
Well,  all  this  w.ork  was  carried  out  almost  exclusively  in  armoured  concrete,  and 
the  Western  Company  found  that  if  it  had  employed  iron  work,  the  cost  would  have 
been  twice  as  much  and,  moreover,  that  the  job  could  not  have  been  finished  in 
time  for  the  opening  of  the  Exhibition. 

The  saving  in  cost  with  armoured  concrete  is  largely  due  to  the  ease  with  which 
the  materials  can  be  conveyed  to  the  spot  where  it  is  wanted;  this  requires  only 
wheelbarrows  and  hand  labour,  whereas  iron  girders  necessitate  the  use  of  special 
machinery  to  convey  and  lift  them. 

Mr.  Elskes.  (In  French.)  —  The  remarks  I  made  were  in  no  wise  intended  to 
demand  an  alteration  in  the  wording  of  the  conclusion,  but  simply  to  dissipate  a 
misunderstanding  that  might  have  arisen  from  Mr.  Bauchal's  assertion.  I  should 
like  to  make  it  clear  that  it  is  only  exceptional  for  the  cost  of  certain  bridges  in 
armoured  concrete  to  be  higher  than  the  cost  of  iron  work. 

The  President.  (In  French.)  —  From  Mr.  Elskes's  explanations  we  may  gather  that 
the  third  conclusion  as  worded  might  be  understood  to  mean  that  the  cost  of 
armoured  concrete  was  higher  than  that  of  iron  work.  After  having  heard 
Mr.  Rabut's  statement,  Mr.  Elskes  has  no  objection  to  the  conclusion  being  adopted. 

But  in  order  to  do  away  with  any  possible  misconception,  I  should  like  to  ask 
whether  it  would  not  be  well  to  add  the  words  :  "  Even  if  the  cost  of  construction 
should,  exceptionally,  be  higher  than  for  another  system  of  construction.  " 
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Mr.  BroLueA, principal  secretaiij.  (In  French.)  —  I  may  point  out  that  the  contra- 
diction between  the  statements  of  Messrs.  Elskes  and  Rabut  is  more  apparent  than 
real. 

For,  the  works,  designs  of  vvhich  Mr.  Elskes  has  shown  to  the  section,  are  all 
under  the  track,  whereas  those  mentioned  by  Mr.  Rabut  are  overhead. 

The  diflSculties  in  working  in  armoured  concrete  are  incomparably  greater  when 
one  comes  to  deal  with  work  underneath  a  railway  and  hence  the  increased  expen- 
diture alluded  to  by  Mr.  Elskes  for  bridges  of  armoured  concrete.  I  think  I  am, 
in  this  respect,  at  one  with  Mr.  Rabut. 

Mr.  Rabat.  (In  French.)  —  Quite  so. 

Mr.  Bnmeel.  (In  French.)  —  Under  these  circumstances  I  support  the  conclusion 
as  amended  by  the  President. 

—  The  third  conclusion  was  put  to  the  vote  and  adopted  as  follows  : 

"  i"*  Railroad  practice  shows  that  carefully  built  reinforced  concrete  structures 
give  excellent  results  and  hardly  require  any  maintenance.  For  this  reason,  the  use 
of  reinforced  concrete  should  be  recommended,  even  if  the  cost  of  construction 
should,  exceptionally,  be  higher  than  for  another  system  of  construction.  " 

The  President.  (In  French.)  —  The  fourth  conclusion  suggested  runs  as  follows  : 

"  4*  Reinforced  concrete  structures  are  especially  useful  in.  countries  where 
building  materials,  such  as  stone  and  iron,  are  difficult  to  obtain  in  large 
sizes.  " 

Mr.  Elflkee,  principal  secretary.  (In  French.)  —  I  should  like  to  ask  American 
engineers  a  question.  Is  it  true  that  in  America,  armoured  concrete  is  used  for 
structures  intended  not  only  to  carry  loads,  but  also  to  take  the  place  of  split  dimen- 
sion stone?  In  Switzerland  this  has  been  tried;  armoured  concrete  has  been  used 
to  cap  the  piers  of  viaducts.  To  fashion  blocks  of  armoured  concrete, on  the  spot 
is  unquestionably  cheaper  than  lifting  heavy  stone  at  great  expense  to  the  top  of 
these  piers. 

In  these  blocks,  the  metal  is  intended  mainly  to  hold  the  monolith  better 
together.  I  should  very  much  like  to  hear  what  our  American  colleagues  have  to 
say  on  the  results  of  any  experience  they  have  on  this  subject. 

The  President.  (In  French.)  —  Some  members  of  the  section  have  erected  large 
structures  of  armoured  concrete,  and  I  hope  they  will  supply  the  information 
demanded  by  Mr.  Elskes. 

Mr.  Elskes.  (In  French.)  —  It  was  a  retired  engineer  on  the  Northern  Pacific,  now 
a  Zurich  professor,  who  told  me  that  the  procedure  I  mentioned  was  followed  in 
America. 

As  regards  Switzerland,  I  may  say  that  the  applications  made  have  been  crowned 
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with  success;  the  blocks  obtained  are  extremely  hard  and  stand  the  weather  per- 
fectly. 

Mr.  Jegou  d'Herbeline,  Orleans  Railway,  France.  (In  French.)  —  The  armouring 
is  only  intended  to  make  the  concrete  more  monolithic,  for  in  itself  it  is  as  hard  as 
most  natural  stone. 

Mr.  EUkes.  (In  French.)  —  In  raising  the  question,  1  had  no  other  intention  than 
to  point  out  that  armoured  concrete  can  quite  well  be  used  in  place  of  stone, 

Mr.  Jegou  d^Herbeline.  (In  French.)  —  It  must  not  be  supposed  from  what 
Mr.  Elskes  has  just  said  that  all  iron  bridges  should  be  replaced  by  bridges  of 
armoured  concrete,  but  that  in  countries  where  iron  is  expensive  armoured  concrete 
may  without  inconvenience  be  used  for  constructions  in  place  of  iron. 

Mr.  Eabnt.  (In  French.)  —  The  main  characteristic  of  reinforced  concrete  is  the 
diversity  of  the  methods  in  which  it  can  be  used. 

Sometimes  it  is  used  on  the  spot  by  surrounding  iron  with  concrete,  sometimes 
concrete  is  prepared  at  the  works  and  delivered  in  blocks,  which  are  especially 
suitable  for  floor  work.  Edgings  for  quays  are  made  of  artificial  stone  and  they 
cost  less  than  similar  ones  in  granite.  The  blocks  mentioned  by  Mr.  Elskes  come 
under  this  heading. 

The  President.  (In  French.)  —  I  am  glad  to  find  that  American  engineers  deriving 
their  inspiration  from  what  has  been  done  in  Europe,  have  helped  to  extend  the  use 
of  concrete  to  take  the  place  of  stone  work  that  has  to  be  lifted  in  buildings. 

—  The  fourth  conclusion  was  adopted. 

The  President.  (In  French.)  —  The  fifth  conclusion  runs  as  follows  : 

"  5°  Reinforced  concrete  makes  it  possible  to  execute  works  quickly  with  materials 
readily  obtainable  and  this  avoids  the  necessity  of  giving  special  orders  to  shops, 
which  is  often  a  troublesome  matter  in  practice.  " 

Mr.  Jegou  d*Herbeline.  (In  French.)  —  I  should  like  to  say  a  word  about  a  larger 
undertaking  we  have  just  finished  on  the  Orleans  Railway  between  Paris  and  Juvisy. 
We  used  armoured  concrete  extensively  in  building  overhead  bridges  instead  of  level 
crossings. 

Some  of  these  bridges  were  finished  and  ready  for  use  within  two  months' from 
the  day  the  plans  were  approved.  However,  we  did  not  get  clear  of  the  job  until  a 
little  later.  If  these  same  bridges  had  been  built  of  iron,  allowing  for  the  preli- 
minary work  at  the  shops,  they  would  have  taken  double  the  time. 

So  then  concrete  makes  it  possible  to  carry  out  work  rapidly  and  mainly  thanks 
to  its  being  feasible  to  be^in  the  work  the  very  day  after  the  plans  have  been  com- 
pleted. 

—  The  conclusion  was  adopted. 
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The  President.  (In  French.)  —  The  sixth  proposed  conclusion  reads  as  follows  : 

"  6**  Of  the  systems  of  reinforcing  hitherto  tried,  preference  should  be  given  to 
the  Hennebique  system  and  to  the  other  systems  based  on  the  same  principles, 
which  the  scientific  study  of  reinforced  concrete  has  fully  justified.  " 

Mr.  Maas-Oeesteranus,  Dutch  Railways,  Holland.  (In  French.)  —  I  request  that 
Mr.  Hennebique's  name  be  omitted  from  this  conclusion.  The  Congress  has  always 
held  that  in  its  resolutions  nothing  that  may  be  regarded  as  a  business  advertisement 
should  be  allowed  to  appear. 

And  then  a  good  reason  in  my  opinion  for  refusing  to  mention  the  Hennebique 
system  is  that  the  reporter,  Mr.  Ast,  declares  that  the  method  of  calculation 
employed  by  Mr.  Hennebique  is  empirical.  It  is,  therefore,  difficult  to  harmonize 
this  criticism  with  the  end  of  the  conclusion  which  implies  that  the  Hennebique 
system  is  based  on  scientific  principles. 

Mr.  Rabut.  (In  French.)  —  The  conclusion  raises  two  questions.  First,  whether 
wc  can  mention  by  name  a  firm  that  manufactures  armoured  concrete.  Secondly, 
whether  the  process  used  by  this  form  is  scientific  or  not. 

As  regards  the  first  point,  I  think  we  shall  all  agree  that,  as  a  rule,  the  Congress 
ought  not  to  mention  one  firm  rather  than  another.  But  it  should  be  remarked 
that  Mr.  Hennebique  is  not  only  a  business  man  but  a  great  inventor;  if  he  did  not 
discover  armoured  concrete,  it  cannot  be  denied  that  he  is  the  man  of  business  who 
has  done  most  to  extend  its  use. 

This  is  why  Mr.  Ast,  who  knows  how  to  estimate  the  value  of  the  phrases  he  uses, 
has  thought  it  just  to  name  Mr.  Hennebique  in  his  paper. 

I  therefore  think  that  Mr.  Hennebique's  name  might  be  retained  in  the  text  of  the 
conclusion,  provided  it  is  drawn  up  in  such  a  way  that  it  does  not  assume  the 
slightest  aspect  of  a  business  advertisement. 

Mr.  Ast  would  seem  to  have  chosen  a  suitable  formula  when  he  says  "  the  Henne- 
bique system  and  other  systems  based  on  the  same  principles  ".  Of  such  other  sys- 
tems, there  are  plenty.  Many  builders,  especially  in  France,  have  taken  out  patents 
for  variations  of  the  Hennebique  system,  variations  which  differ  only  in  detail,  the 
principle  being  in  reality  the  same. 

Personally,  I  feel  that  by  saying  "  the  Hennebique  system  and  the  other  systems 
based  on  the  same  principles  "  we  cannot  be  accused  of  manufacturing  a  business 
advertisement;  we  are  simply  deciding  upon  a  group  of  building  suggestions. 

Mr.  Hennebique  has  no  pretension  to  being  a  scientist,  but  we  cannot  refuse  him 
the  honour  of  having,  to  some  extent,  determined  the  hard  and  fast  rules  con- 
cerning armoured  concrete,  and  of  having  used  it  frequently  with  the  best  results. 

His  system  has  been  studied  by  scientific  men  —  I  may  mention  more  particularly 
Mr.  Consid^re,  inspector-general  of  roads  and  bridges  of  France —  who  have  found 
that  its  characteristics  conform  to  reasonable  and  scientific  principles. 
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Mr.  Maat-Oeesteranns.  (In  French.)  —  If  I  am  not  mistaken  many  works  in 
armoured  concrete  were  executed  in  Russia  even  before  the  Hennebique  system  was 
applied  in  France. 

I  persist  in  my  view  that  it  would  be  better  to  avoid  mentioning  any  name  in  the 
conclusion  so  that  we  cannot  be  accused  of  advertising.  If  any  name  ought  to  be 
^mfeiitioned  it  is  not  that  of  Mr.  Hennebique  because  there  were  people  before  him 
in  the  fiefcT/^^  * 

1  have  no  desire  to  deprive  Mr.  Hennebique  of  any  honour  he  may  deserve.  I  fully 
realize  that  he  has  built  remarkable  works  which  have  behaved  very  well,  but 
I  cannot  accept  a  statement  to  the  effect  that  the  Hennebique  system  is  based  on 
scientific  principles  when  Mr.  Ast  himself  has  stated  that  the  system  is  empirical. 

Mr.  Elskes.  (In  French.)  —  Like  Mr.  Maas-Geesteranus  I  felt  that  the  conclusion 
suggested  by  Mr.  Ast  was  a  little  too  categorical  and  that  is  why  the  reporters 
thought  it  their  duty  to  modify  it. 

The  new  wording  by  no  means  stales  that  Mr.  Hennebique  was  the  first  to  use 
armoured  concrete;  nor  does  it  state  that  Mr.  Hennebique  has  carried  out  a  large 
number  of  works.  It  states  that  practically  his  system  and  those  which  are  based 
on  similar  principles  are  the  best.  This  view  is  held  by  all  who  have  used 
armoured  concrete. 

Without  any  wish  to  hurt  the  feelings  of  our  Russian  colleagues,  I  feel  bound  to 
say  that  the  list  of  works  carried  out  in  Russia  with  armoured  concrete  is  meagre, 
and  that  if  one  wanted  to  draw  a  comparison  between  the  countries  who  first  used 
armoured  concrete,  Russia  would  not  come  first  but  Switzerland,  provided,  of 
course,  we  consider  railways  only  as  is  our  business. 

I  therefore  support  Mr.  Rabut's  opinion  and  I  propose  to  the  section  that  we  word 
the  conclusion  as  follows  ; 

"  Amongst  the  systems  of  armouring  used  up  to  the  present,  the  best  are  the  Hen- 
nebique system  and  those  which  resemble  it.  Scientific  research  and  the  impro- 
vements made  make  it  possible  to  build  in  a  reasonable  manner.  " 

Mr.  Jegou  d'Herbeline.  (In  French.)  —  I  think  we  ought  to  divide  this  conclusion 
in  voting,  that  is  to  say,  give  a  definite  opinion  on  the  question  of  whether  empirical 
methods  ought  to  give  place  to  scientific  procedure. 

We  ought  not  to  lose  sight  of  the  fact  that  reinforced  cement  was  invented  by 
builders  and  not  by  men  devoted  to  pure  science.  But  there  is  a  tendency  for 
scientists  to  interfere  perhaps  a  little  too  much,  at  least  in  France,  and  this  is  a 
pity  because  their  intervention  will  inevitably  result  in  putting  up  the  cost  of 
armoured  concrete  until  it  becomes  as  high  as  metal. 

As  we  know,  steel  bridges  have  suffered  much  from  over-regulation.  Thanks  to 
it  the  weight  of  steel  for  bridges  has  become  excessive  and  Government  edicts  a\  ill 
bring  about  the  same  result  in  the  case  of  armoured  concrete. 
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That  all  the  works  in  armoured  concrete  have  stood  the  tests  to  which  they  have 
been  subjected  perfectly  is  unquestioned  and  this  is  what  we  ought  to  assert.  After 
passing  the  first  portion  of  the  conclusion  we  ought,  I  think,  to  express  in  the 
second  part  a  hope  that  pure  science  will  not  interfere  too  much  in  the  methods  of 
making  armoured  concrete. 

Mr.  Rabat.  (In  French.)  —  I  agree  in  thinking  that  it  would  be  well  to  subdivide 
the  conclusion  because  it  contains  two  quite  separate  ideas. 

Mr.  Elskes.  (In  French.)  —  Could  we  not  make  two  conclusions? 

Mr.  Bnmeel.  (In  French.)  —  I  agree  with  those  of  my  colleagues  who  have  given 
due  credit  to  Mr.  Hennebique;  like  them  I  feel  that  he  has  carried  out  remarkable 
undertakings  in  armoured  concrete.  But  Mr.  Hennebique  did  not  invent  the 
process.    He  is  one  of  those  who  have  done  most  to  propagate  its  use. 

I  think  however  that  we  ought  to  show  great  prudence  and  avoid,  as  has  just  been 
suggested,  passing  a  clause  which  would  seem  like  an  advertisement.  It  has  been 
my  privilege  to  attend  the  meetings  of  the  Railway  Congress  ever  since  its  foundation 
and  it  has  always  been  accepted  as  a  wise  policy  to  allow  no  reference  to  a  name  or 
a  process  which  might  be  regarded  by  those  who  took  no  part  in  our  labours  as  a 
business  advertisement. 

This  explains  why  I  suggest  to  you  that  we  should  simply  eliminate  this  sixth 
conclusion.  The  remarks  that  have  been  exchanged  will  suflBce  to  instruct  all  those 
who  take  an  interest  in  the  subject.  The  conclusion  before  us  adds  nothing  bearing 
upon  the  data  supplied. 

Without  underrating  Mr.  Hennebique's  ability  I  think  that  there  are  other  men  to 
whom  one  might  equally  well  entrust  important  works  in  armoured  concrete. 

The  President.  (In  French.)  —  We  now  have  before  us  a  proposal  to  strike  out  the 
sixth  conclusion. 

I  may  say  that  the  elimination  of  this  conclusion  would  in  no  way  detract  from 
the  value  of  those  which  precede  it  and  they  clearly  express  the  views  of  the  section 
in  so  far  as  the  advantages  offered  by  armoured  concrete  are  concerned. 

Mr.  Babut.  (In  French.)  —  I  do  not  think  there  would  be  any  serious  incon- 
venience in  the  matter  if  we  look  at  the  subject  from  a  practical  and  technical  stand- 
point and  say  "  the  Hennebique  process  and  analogous  processes  ". 

I  may  mention,  as  applying  to  France,  the  Coignet,  Boussiron,  Piketty,  Brault  and 
Lhenmte,  Boulanger  and  Schiitll  systems,  etc.,  etc. 

All  these  builders  use  practically  the  same  rules  as  Mr.  Hennebique. 

What  are  the  reasonable  principles  upon  which  the  Hennebique  system  depends? 

The  idea  is  to  make  the  metal  withstand  all  the  tensile  stresses;  when  iron  in 
compression  is  used,  allowance  must  be  made  for  the  differences  in  compressibility 
of  the  Concrete  and  of  the  metal  and  finally  to  withstand  shearing  strains  special 
secondary  parts  have  to  be  added  to  the  main  armourings. 


Digitized  by 


Google 


—  1088  — 

What  harm  can  it  do  if  the  Congress  approves  a  thing  that  has  been  recognized  as 
good?  I  consider,  on  the  contrary,  that  it  would  be  a  good  thing  to  confirm  these 
principles,  while  taking  care  to  word  our  conclusion  so  that  there  should  be  no 
suspicion  of  a  business  advertisement  about  it. 

Mr.  D.  W.  Lum,  Southern  Railway,  United  States.  —  Mr.  President,  there  are 
several  companies  doing  business  and  using  several  systems  in  this  country,  among 
which  are  the  Kahn,  Thatcher,  Ferro-Concrete  and  Ilennebique,  and  it  seems  to  me 
that  it  would  be  rather  an  injustice  to  those  other  parties  who  represent  other 
systems  that  have  been  successful,  if  we  mention  only  the  Hennebique  and  make  no 
reference  to  their  systems  which  have  been  successful. 

Mr.  G.  W.  Kittredge, Cleveland,  Cincinnati,  Chicago  &  St.  Louis  Railway.  —  [  want 
to  urge  the  suppression  of  the  conclusion  altogether,  not  especially  because  of  the 
wording,  though  personally  I  favor  the  omission  of  any  reference  to  individual 
names.  The  conclusion  ought  to  be  suppressed  now,  in  order  that  we  may  get  on 
to  the  discussion  of  something  more  valuable.  It  seems  to  me  the  discussion  has 
proceeded  entirely  too  long  on  this  line. 

The  President.  —  It  is  now  proposed  to  vote  the  suppression  oi  this  sixth  conclu- 
sion. Those  who  arc  against  the  suppression  of  this  conclusion  are  invited  to  hold 
up  their  hands. 

Mr.  K.  Trimble,  Pennsylvania  Lines  West  of  Pittsburgh.  —  Mr.  President,  I  rise 
to  a  point  of  order.  In  a  conversation  with  Mr.  Kruttschnitt,  he  told  me  that  there 
was  something  in  the  blue  book  which  we  have  for  our  guidance  which  prevents  this 
body  from  taking  a  vote  on  any  subject.  We  are  here  to  discuss  matters,  but  we  do 
not  vote  on  these  matters,  and  the  results  are  determined  from  the  discussions  and 
not  from  votes. 

Mr.  Bruneel,  ^principal  secretary  (In  French.)  —  I  have  been  present  at  nearly  all 
the  previous  conferences,  and  I  can  say  that  it  is  always  customary  to  vote  on  the 
conclusions,  either  formally  by  calling  for  a  show  of  hands,  or  by  the  president 
simply  calling  upon  members  who  are  against  a  resolution. 

The  President.  —  I  consider,  taking  note  of  what  has  passed  in  former  conferences, 
that  I  was  in  order  in  putting  this  question  to  a  vote.  Howewer,  there  seems  to  be 
a  difference  of  opinion  on  that  point,  and  1  consider  that  the  question  would  be 
settled  if  the  committee  who  drew  up  these  conclusions  would  simply  withdraw 
conclusion  No.  6. 

Mr.  Tolstopiatoff.  —  I  do  not  insist. 

Mr.  Eupka.  —  Nor  I  either. 

The  President.  —  Conclusion  No.  6  having  been  withdrawn  by  its  authors,  the, 
question  is  now  settled  and  satisfaction  has  been  given  to  Mr.  Trimble  who  opposed 
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the  question  of  voting  on  this  point.  1  should,  nevertheless,  like  to  call  Mr.  Trimble's 
attention  to  the  fact  that  the  other  sections  have  voted  on  some  points  and  I  think 
that  I  was  in  order  in  having  put  this  question  to  a  vote. 

Gentlemen,  the  labours  of  the  first  section  are  concluded. 

1  think  1  shall  be  interpreting  your  wishes  if  I  suggest  that  we  should  convey  our 
best  thanks  to  our  President,  who  has  been  called  away  to  New  York  by  urgent 
business,  for  the  manner  in  which  he  presided  over  the  earlier  meetings  of  the 
section.  (Applatise,)' 

For  my  part,  gentlemen,  I  beg  to  thank  you  for  the  indulgence  you  have  displayed 
towards  me,  for  it  has  greatly  facilitated  my  task  in  directing  the  course  of  your 
labours,  —  a  task  for  which  I  was  by  no  means  prepared. 

I  congratulate  you  on  the  zeal  which  you  have  shown  and  on  the  scientific  manner 
in  which  the  debates  have  been  conducted. 

Mr.  Klske«.  (In  French.)  —  I  know,  gentlemen,  that  it  is  with  applause  that  you 
will  receive  my  proposal  to  thank  Mr.  Pontzen  most  heartily  for  the  splendid  way 
in  which  he  has  fulfilled  his  duties  as  President.  He  has  just  told  us  that  he  was 
not  prepared  for  the  task ;  he  has,  however,  performed  it  with  ability  and  discretion 
skilfulness.  I  wonder  what  sort  of  a  President  he  would  have  made  if  he  had  had 
time  to  prepare  himself  for  it !  Thanks  to  him  we  are  among  the  first  to  finish 
our  labours.  (Prolonged  applause.) 

—  The  meeting  then  rose. 
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Meeting  held  on  May  13,  1905  (afternoon). 

Mr.  Stuyvesant  FISH,  president,  in  the  chair. 

General  secretary  :   Mr.   L.   WEISSENBRUCH. 

Associate   general  secretary   :   Mr.  W.  F.  ALLEN. 

The  President  reads  the  : 

Report  of  the  1*^  section. 

(See  the  Daily  Journal  of  the  session,  No.  9,  p.  180.) 

**  Vice-president  Pontzen  announced  that  in  the  absence  of  Messrs.  de  Kareischa 
and  Ast  who  were  detained  in  Europe,  Messrs.  Kupka  {Nord  Empereur-Ferdinandy 
Austria)  and  Tolstopiatoff  (/?u5«tan  State  Railways)  had  jointly  agreed  (not  being  able 
to  meet  Mr.  J.  F.  Wallace)  to  draw  up  a  draft  of  conclusions  based  on  the  three 
reports  presented. 

"  Mr.  Tolstopiatoff  gave  first  an  analysis  of  the  reports  by  Messrs.  de  Kareischa 
and  J.  F.  Wallace.  Mr.  de  Kareischa's  report  states  that  reinforced  concrete  on  the 
Monier  system  was  used  in  Russia  since  1885.  One  of  the  most  recent  examples  is 
the  construction  of  the  caissons  for  the  piers  of  the  bridges  on  the  Transmanchurian 
and  Bologoe-Sedlitz  railways. 

"  Mr.  J.  F.  Wallace's  report  gives  statistics  showing  the  growth  of  the  manufacture 
of  cement  in  the  United  States;  he  describes  the  different  methods  used,  and  gives 
numerous  illustrations  of  applications  made.  This  report  does  not  draw  any  con- 
clusions, but  in  all  its  parts  it  is  in  perfect  accord  with  those  of  the  other  reporters. 

•*  The  conclusions  proposed  jointly  by  Messrs  Kupka  and  Tolstopiatoff  were  then 
read.    The  first  conclusion  read  was  as  follows  : 

"  1**  Reinforced  concrete  has  received  many  and  important  applications  on  rail- 
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roads.     Both  from  the  technical  and  economical  points  of  view,  it  can  fully  and 
successfully  compete  with  masonry  and  timber  or  steel  construction.  " 

**  Mr.  MuNTz  (French  Eastern  Railway)  remarked  that  there  arc  no  positive  data  as 
to  the  good  preservation  of  structures  built  for  railroads. 

**  Mr.  Bauchal  [French  Western  Railway)  stated  that  the  experience  acquired  to  the 
present  time  has  demonstrated  the  possibility  of  building  such  structures  for  small 
spans,  8  or  10  metres  (26  to  33  feet),  at  the  most.  As  to  structures  built  under 
railroads  in  operation,  reinforced  concrete  presents  the  difficulty  of  often  extending 
the  time  of  construction  to  an  excessive  extent.  He  was  not  certain  whether  the 
vibrations  caused  by  the  trains  running  on  one  of  the  tracks,  were  not  of  a  nature  to 
endanger  the  prefect  hardening  of  the  concrete  on  the  other  track,  as  well  as  the 
adhesion  of  the  metal  to  the  concrete. 

**  Mr.  Elskes  [Swiss  Federal  Railway)  reported  on  experiments  which  he  had  made 
himself.  He  published,  two  years  ago,  information  on  small  bridges  built  since 
1894  by  the  Jura-Simplon  Company  in  Switzerland;  the  span  of  the  most  important 
of  these  structures  was  4*80  metres  (15  ft.  9  in.);  they  all  consist  of  floor  slabs  and 
parallel  girders.  Mr.  Elskes  agreed  with  Mr.  Bauchal's  opinion  that  spans  of  8  lo 
10  metres  (26  to  33  feet)  at  most  should  not  be  exceeded  for  such  structures,  when 
built  to  carry  railroad  tracks. 

"  If  the  erection  of  reinforced  concrete  structures  under  lines  in  operation  causes 
difficulties  during  erection  and  costly  delays,  the  important  advantages  presented 
by  these  structures  in  the  matter  of  maintenance  should  also  be  considered. 
Mr.  Elskes  thought,  however,  that  the  experiments  made  up  to  the  present  time,  are 
as  yet  too  few  in  number  and  have  been  made  on  too  small  a  scale  to  induce  the 
Congress  to  recommend  reinforced  concrete  bridges  under  railroad  tracks  unreser- 
vedly, which,  by  the  way,  has  not  been  done  in  the  proposed  conclusions.  He 
thought  that  it  would  prove  useful  to  the  section  to  first  hear  some  specialists  on 
this  subject,  notably  Mr.  Rabut,  who  is  an  authority  on  this  question,  because  of 
the  structures  built,  and  the  many  and  interesting  investigations  which  he  has  made. 

"  The  first  conclusion  was  adopted,  as  well  as  the  following  second  conclusion  : 

**  2*  Tests  of  reinforced  concrete  structures,  theoretical  researches  on  the  ques- 
tion, and  the  results  of  practice  justify  the  conclusion  that  such  structures  need  not 
cause  any  apprehension,  and  that  their  application  be  strongly  recommended  to 
railway  administrations.  " 

**  Mr.  ToLSTOPiATOFF  thcu  read  the  third  of  the  proposed  conclusions, 

"  Mr,  Elskes  stated  that  experience  in  Switzerland  has  shown  that,  because  of  the 
limitations  encountered  on  lines  in  operation,  the  cost  of  reinforced  concrete 
bridges  may  be  higher  than  that  of  metal  bridges,  though  reinforced  concrete  itself 
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may  be  cheaper  than  metal;  but  in  this  case  there  is  still  an  economic  advantage,  if 
the  cost  of  maintenance  is  taken  into  account. 

"  Mr.  Rabut  (French  Western  Railway)  thought  it  would  be  too  general  to  slate 
that  reinforced  concrete  is  not  more  economical  in  first  cost  than  metal,  even  if 
there  be  limitations  due  to  the  operation  of  the  line.  He  mentioned  the  work  of 
double  tracking  of  the  Paris  belt  line,  in  order  to  establish  a  new  connecting  line 
between  Courcelles  and  Champ-de-Mars.  This  work  presented  very  serious  diffi- 
culties in  construction,  which  were  chiefly  due  to  choosing  points  at  which  to 
locate  the  workshops.  The  greater  part  of  the  work  was  done  in  reinforced 
concrete,  and  it  has  been  admitted  that  to  build  the  same  work  in  metal  would  have 
cost  more  than  in  reinforced  concrete.  The  smaller  cost  is  mainly  due  to  the  ease 
of  laying  reinforced  concrete,  which  requires  the  use  of  wheelbarrows  only,  while 
metal  beams  are  difficult  to  handle  and  require  special  hoisting  engines.  The  work 
was,  besides,  done  in  incomparably  less  time  than  would  have  been  required  if 
metal  had  been  used. 

"  Mr.  Bhunekl  (Belgian  State  Railways)  stated  that  the  difference  in  opinions  of 
Messrs,  Elskes  and  Rabut  was  more  apparent  than  real.  The  structures,  the  plans 
and  sections  of  which  have  been  transmitted  to  the  section  by  Mr.  Elkes,  are  all 
structures  carrying  tracks,  while  the  structures  cited  by  Mr.  Rabut  are  all  overhead 
structures.  The  difficulties  are  incomparably  greater  for  a  structure  intended  to 
carry  tracks  in  operation;  it  is,  therefore,  natural  that  the  effect  of  these  difficulties 
should  also  be  incomparably  greater  than  for  overhead  structures.  He,  therefore, 
supported  the  conclusion  proposed  by  the  reporters,  reserving  to  himself  the  intro- 
duction of  a  change  in  detail. 

"  The  conclusions  were  adopted  as  follows  : 

"  S"*  Railroad  practice  shows  that  carefully  built  reinforced  concrete  structures 
give  excellent  results  and  hardly  require  any  maintenance.  For  this  reason,  the  use 
of  reinforced  concrete  should  be  recommended,  even  if  the  cost  of  construction 
should,  exceptionally,  be  higher  than  for  another  system  of  construction.  " 

"  The  fourth  conclusion  is  as  follows  : 

"  4**  Reinforced  concrete  structures  are  especially  useful  in  countries  where 
building  materials,  such  as  stone  and  iron,  are  difficult  to  obtain  in  large  sizes.  " 

"  Mr.  Elskes  took  the  opportunity  of  asking  his  American  colleagues  whether,  as 
he  had  been  told,  they  use  reinforced  concrete  not  only  for  beams,  but  also  for 
building  blocks,  and  if  so,  what  results  have  been  obtained  so  far  with  the  latter. 
In  Switzerland,  special  applications  were  made,  mainly  for  pedestal  stones  for  high 
viaduct  piers,  where  it  was  much  more  economical  and  easier  to  make  a  reinforced 
concrete  block  in  place  than  to  lift  heavy  stones  to  the  tops  of  the  piers  at  a  great 
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expense.    In  these  applications,  the  imbedded  metal  is  mainly  intended  to  tie  the 
block  more  together. 

"  Mr.  Rabut  declared  that  the  uses  of  reinforced  concrete  are  extremely  varied  and 
that  the  blocks  mentioned  are  one  of  the  innumerable  applications  of  reinforced 
concrete  in  special  cases. 

—  "  The  fourth  conclusion  was  then  adopted. 

"  The  fifth  conclusion  was  proposed  as  follows  : 

**  o*»  Reinforced  concrete  makes  it  possible  to  execute  works  quickly  with  mate- 
rials readily  obtainable  and  this  avoids  the  necessity  of  giving  special  orders  to 
shops,  which  is  often  a  troublesome  matter  in  practice.  " 

"  Mr.  JfiGou  d'Herbeline  (Orleans  Railway)  called  the  attention  of  the  section  to  the 
work  done  by  the  Orleans  Railway  Company  in  double  tracking  its  line  from  Paris 
to  Juvisy.  Especially  many  overhead  bridges  were  built.  These  were  erected  in 
two  months  from  the  day  of  the  final  approval  of  the  plans  to  the  day  of  putting 
them  into  service.  Building  these  bridges  of  metal  would  have  taken  almost  double 
the  time,  including  the  preliminary  work  at  the  shops.  Concrete  thus  permits  of 
rapid  construction  because  the  work  of  construction  can  be  started  the  very  day  after 
the  plans  have  been  approved. 

—  **  The  fifth  conclusion  was  adopted. 

"  The  sixth  conclusion  proposed. read  as  follows  : 

"  6**  Of  the  systems  of  reinforcing  hitherto  tried,  preference  should  be  given  to 
the  Hennebique  system  and  to  the  other  systems  based  on  the  same  principles,  which 
the  scientific  study  of  reinforced  concrete  has  fully  justified.  " 

"  Mr.  Maas-Geesteranus  [Holland  Railway)  proposed  omitting  the  name  of 
Mr.  Hennebique  from  the  conclusion.  It  appeared  all  the  more  inadmissible  to 
connect  this  name  with  the  word  "  scientific,  "  which  appears  in  the  conclusion,  as 
the  reporter  himself  had  found  Mr.  Hennebique's  method  of  calculation  to  be  purely 
empirical. 

"  Mr.  Rabut  expressed  his  entire  agreement  with  Mr.  Maas-Geesteranus  regarding 
the  necessity  of  avoiding  even  the  appearance  of  advertising  any  system;  still 
Mr.  Hennebique  is  not  only  a  business  man  but  a  man  of  considerable  merit,  who, 
if  he  did  not  invent  reinforced  concrete,  has  at  least  introduced  it  to  the  greatest 
extent  and  made  some  extremely  important  applications.  It  was  after  very  thorough 
investigation  that  Mr.  Ast  was  led  to  cite  Mr.  Hennebique's  name  in  his  own  conclu- 
sions, and  by  taking  this  name  with  the  necessary  and  reasonable  restrictions,  it 
would  appear  that  it  might  be  retained  in  the  conclusions.  Mr.  Hennebique*s 
system,  while  originally  empirical,  has  for  a  long  time  been  adapted  by  various 
engineers  to  scientific  methods  of  calculation. 
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"  Mr.  Maas-Geesteranus  was  unable  to  share  this  opinion  and  sustained  his 
motion. 

**  Mr.  Elskes  was  under  the  same  impression  as  Mr.  Maas-Geesteranus,  that  the 
conclusion  proposed  by  Mr.  Ast  was  too  sweeping,  and  he  had  observed  with  satis- 
faction that  the  reporters  had  already  modified  it  to  some  extent.  He  shared, 
however,  the  point  of  view  of  Chief  Engineer  Rabut,  and  proposed  to  the  section  a 
still  more  qualified  wording. 

"  Mr.  JfeGOu  d'Herbeline  proposed  to  subdivide  the  conclusion  and  reserve  the 
second  paragraph  relative  to  the  scientific  character  of  the  calculations.  There  is  a 
tendency  in  France  to  lay  too  much  stress  on  scientific  investigation,  which  leads 
to  imposing  more  and  more  severe  requirements,  which  will  end  in  making  rein- 
forced concrete  more  costly  than  metal.  He  thought  it  undesirable  to  dwell  too 
much  on  the  necessity  of  prolonging  this  scientific  investigation.  The  present  pro- 
cesses of  computation  have  permitted  the  construction  of  works  which  have  given 
very  remarkable  results,  although  these  processes,  even  now,  are  sometimes  stig- 
matized as  empirical. 

"  Mr.  Bruneel  shared  the  opinion  expressed  by  several  members  regarding  the 
merit  of  Mr.  Hennebique's  work;  he  joined  in  the  approval  that  had  been  expressed, 
but,  recalling  previous  labors  of  the  Congress,  he  pointed  out  the  prudence  with 
which  it  had  carefully  avoided  quoting,  in  conclusions,  any  name  or  any  process 
which  these  might  seem  to  advertise.  He  insisted  on  the  necessity  of  suppressing 
such  names,  and  under  these  circumstances  the  only  course  left  to  the  section  is  to 
strike  out  the  entire  conclusion.  The  statements  which  have  been  made  during  the 
discussion  are  sufficient  for  purposes  of  general  information,  and  every  one  can 
gather  useful  information  from  them.  The  conclusion  proposed,  does  not  add 
anything  to  this  information. 

"  The  Vice-President  remarked  that  Mr.  BruneePs  proposal  to  strike  out  docs  not 
affect  the  importance  of  the  preceding  conclusions,  in  which  the  section  expresses, 
in  very  definite  terms,  its  very  favorable  opinion  of  applications  of  reinforced 
concrete. 

**  Mr.  Rabut  insisted  that  he  could  see  no  objection  to  mentioning  the  Hennebique 
process,  in  company  with  similar  processes  which  follow  similar  rules  in  the  method 
of  computation  and  mode  of  stressing  the  members.  These  processes,  in  their 
present  stage  of  development,  have  assumed  a  true  scientific  character. 

"  Two  American  delegates,  Messrs.  0.  W.  Lm\  (Southern  Railway)  and  G.  W. 
Kittred(;e  [Cleveland,  Cincinnati,  Chicago  Sa  St.  Louis  Uailwaif),  stated  that  the 
Hennebique  system  and  many  other  systems  have  been  applied  in  America,  and 
that  it  seemed  to  them  impossible,  without  committing  an  injustice,  to  quote 
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Mr.  Henncbique's  name  alone,  and  leave  out  the  names  of  the  other  systems.     It 
was  their  opinion  that  Ihe  conclusion  could  and  should  be  omitted. 

"  Messrs.  Kupka  and  Tolstopiatoff  being  in  favor  of  omitting  the  conclusion,  it 
was  abandoned. 

"  The  Vice-President,  finding  that  the  section  had  concluded  its  work,  moved, 
firstly,  to  thank  President  Kruttschnitt  for  the  energy  and  courtesy  with  which  he 
had  directed  the  labors  of  the  first  meetings.  He  also  thanked  the  meeting  for  their 
intelligent  cooperation,  and  congratulated  the  members  on  the  zeal  and  scientific 
spirit  which  they  had  brought  to  this  work. 

"  Mr.  Elskes  seconded  this  motion  and  thanked  Vice-President  Pontzen,  in  the 
name  of  the  section,  for  the  ability  with  which  he  had  conducted  and  stimulated 
the  debates. 

"  The  section  finally  adopted  the  following  resolutions  for  submission  to  the 
general  meeting.  " 

The  President.  —  The  following  are  the 

CONCLUSIONS. 

"  1*»  Reinforced  concrete  has  received  many  and  important  applications  on  rail- 
"  roads.  Both  from  the  technical  and  economical  points  of  view,  it  can  fully  and 
^  successfully  compete  with  masonry  and  timber  or  steel  construction. 

"  2*»  Tests  of  reinforced  concrete  structures,  theoretical  researches  on  the  question, 
"  and  the  results  of  practice  justify  the  conclusion  that  such  structures  need  not 
*  cause  any  apprehension,  and  that  their  application  be  [[strongly]]  (*)  recommended 
"  to  railway  administrations. 

"  3**  Railroad  practice  shows  that  carefully  built  reinforced  concrete  structures 
**  give  excellent  results  and  hardly  require  any  maintenance.  For  this  reason,  the 
"  use  of  reinforced  concrete  should  be  recommended,  even  if  the  cost  of  construc- 
"  tion  should,  exceptionally,  be  higher  than  for  another  system  of  construction. 

"  4^  Reinforced  concrete  structures  are  especially  useful  in  countries  where 
"  building  materials,  such  as  stone  and  iron,  are  difficult  to  obtain  in  large  sizes. 

**  5**  Reinforced  concrete  makes  it  possible  to  execute  works  quickly  with 
"  materials  readily  obtainable,  and  this  avoids  the  necessity  of  giving  special  orders 
"  to  shops,  which  is  often  a  troublesome  matter  in  practice.  " 


The  President.  —  Is  there  any  objection 


V 


Mr.  von  Leber,  Imperial  and  Royal  Austrian  Railway  Ministry.  (In  French.)  — 
The  English  text  does  not  conform  exactly  with  the  French.     In  the  latter,  there 


(*)  This  word  was  omitted  in  the  final  draft  (vide  tlie  discussion  hereafter). 
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appears  in  the  second  conclusion  the  word  "  instammenl  "  (strongly)  which  is  not 
given  in  the  English.     I  propose  that  it  be  struck  out. 

The  General  Secretary.  (In  French.)  —  The  president  of  the  section  agrees  to 
striking  out  the  word  "  instamnient  "  from  the  second  paragraph  of  the  French  text. 

The  President.  —  Does  any  one  object  to  the  word  being  eliminated  ?    If  not  tlie 
second  paragraph  is  adopted  with  this  alteration. 

—  The  whole  of  the  conclusions  with  this  one  alteration  was  then  put  to  the  vote 
and  adopted. 
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2""  SECTION.  —   LOCOMOTIVES  AND  ROLLING  STOCK. 


[641.154]  QUESTION  V. 


LOCOMOTIVES  OF  GKEAT  POWER 


o>»?o 


Increase  in  the  power  of  locomotives  by  the  adoption  of  high  pressures  and 
of  the  compound  principle.  Improvements  in  construction  from  this 
point  of  view.     Use  of  nickel  steel. 

Reporters  : 

America,  —  Sir.  J.  E.  Muhlfeld,  general  superintendent  of  motive  power,  Baltimore  & 
Ohio  Railroad. 

Other  countries.  —  Mr.  £douard  S.^uvage,  ingenieur  en  chef-conseil  de  la  Compagnie  des 
chemins  de  fer  de  TOuest  fran^ais. 


T.  XI  72 
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SECTIONAL    DISCUSSION 


Meeting  held  on  May  5,  1905  (morning). 


Mr.  Ed.  SAUVAGE,  president,  in  the  chair. 

Mr.  J.  B.  Mnhlfeld,  reporter  for  Ainerica  : 

I  am  grateful  for  the  privilege  of  taking  part  in  this  Congress.  The  honor  of  having  been 
appointed  bj  the  Permanent  Commission  to  report  on  such  an  important  question  is  thoroughly 
appreciated,  and  it  is  perhaps  fortunate  that  the  duty  has  come  at  a  time  when  the  railroad  with 
which  I  am  connected  has  taken  up  in  a  substantial  manner  the  development,  and  investigation 
of  the  actual  operation,  of  a  tonnage  locomotive  of  great  power  for  special  n^untain  service, 
which  has  given  an  especially  good  opportunity  for  treating  the  subject  in  a  practical  manner. 

During  the  present  period,  when  the  facilities  of  many  railroads  are  taxed  to  their  limit  to 
move  the  tonnage  which  originates  along  their  tracks,  to  the  Operating,  more  than  to  the  Traffic 
Department,  is  assigned  the  duty  of  increasing  the  revenue  which  must  be  derived  from  the 
handling  of  a  ton  of  freight  per  mile  hauled. 

An  American  locomotive  of  great  power  may  be  described  in  a  few  words  as  one  capable  of 
developing,  when  properly  designed  for  the  speed  requirements  of  passenger  and  suburban 
service,  at  least  20,000  pounds  in  the  cylinders  at  starting,  with  provision  in  suburban  service 
for  rapid  acceleration,  and  for  freight,  helper  and  switching  service,  at  least  40,000  pounds. 

Locomotives  are  now  expected  to  perform  equally  well  work  of  the  most  varied  and  exacting 
nature,  and  the  requirements  in  the  way  of  faster  schedules  and  heavier  trains  in  passenger  and 
freight  service  have,  in  connection  with  lack  of  substantial  maintenance,  exceeded  the  develop- 
ment of  the  increased  power  in  the  machine.  Speed  limits  and  train  loads  are  increasing  each 
day  and  will  no  doubt  continue  to  do  so,  as  the  maximum  expansion  of  car  equipment  and  the 
length  of  trains,  under  favorable  conditions,  have  not  yet  been  reached. 

How  well  the  demand  can  be  met  in  one  steam  locomotive  of  the  present  gauge  and  clearance 
limits  by  simplicity  in  design,  flexibility,  maximum  proportion  of  adhesive  to  total  weight,  good 
material  and  construction,  pure  heated  feed  water  and  quickened  circulation,  compounding, 
superheating,  substantial  maintenance,  intelligent  operation,  and  other  essentials,  is  a  question 
that  must  be  determined  in  the  very  near  future,  and  from  this  determination  will  proceed  the 
conclusion  as  to  the  proper  proportions  of  each  type  of  locomotive  required  in  the  motive  power 
stock  for  a  large,  modern  railway  system. 

While  there  is  every  necessity  for  the  simplification  of  the  American  locomotive  design,  still 
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the  sub-division  of  the  present  excessive  stresses,  which  may  involve  the  increasing  in  number  of 
the  parts  of  locomotives  that  are  expected  to  develop  great  power,  should  not  be  discouraged,  so 
long  as  the  total  number  of  pans  and  the  proportion  of  non-adhesive  weight  per  unit  of  tractive 
power  developed,  are  decreased  when  compared  with  present  practice. 

There  are  many  features  in  foreign  locomotive  practice  that  the  American  railroads  should 
•  onsider.  Among  these  are  :  distribution  rather  than  concentration  of  stresses ;  lightness  of 
leciprocating  and  revolving  parts ;  more  effective  distribution  and  utilization  of  steam ;  reduction 
of  weights  that  must  be  balanced;  thoroughness  and  substantiality  in  the  new  construction  and 
I'epairs  and  increased  efficiency  in  the  care  and  operation.  The  extraordinary  expense  involved 
in  the  initial  and  maintenance  costs  for  excess  weight,  due  to  indifferent  designs  or  the  use  of  cheap 
material,  and  the  excessive  wear  and  tear  or  failu''e  caused  by  the  unbalanced  weights,  are  items 
that  have  been  too  greatly  disregarded  in  the  more  modern  American  loc(»motive  practice 
The  fact  that  long  distance,  fast  or  heavy  tonnage  runs  have  been  recorded,  does  not  prove  by 
any  means,  that  the  pre.sent  locomotive  meets  satisfactorily  the  demands  upon  it  for  high  speed 
and  great  hauling  capacity. 

During  the  past  few  years,  the  unequalled  growth  of  the  country  has  created  a  demand  for 
new  and  repaired  locomotives  that  has  taxed  the  manufacturing  and  railroad  shops  to  their 
capacity,  and  the  stimulating  of  output  has  prevented  the  proper  study  and  preparation  of  details 
in  design,  distribution  of  material  and  workmanship.  The  wheel  arrangement  and  weights  per 
wheel,  with  the  general  enlargement  of  boilers  and  grate  areas  for  the  purpose  of  meeting  the 
demands  of  a  cylinder  capacity  that  should  produce  great  tractive  power,  have  been  given  the 
preference  to  all  factors  involved  in  the  promotion  of  a  locomotive  of  a  really  increased  efficiency 
and  economy.  • 

Many  of  the  improvements  in  locomotives  have  too  often  resulted,  through  the  application  of 
theoretical,  rather  than  practical  ideas,  in  increased  ineffective  weight,  numbers  of  parts  and 
costly  complications.  The  elimination  of  experimentation  and  indulgence  in  those  individual 
preferences,  fads,  patented  devices  and  frills  which  have  no  practical  value,  would  materially 
reduce  the  initial,  maintenance  and  operating  costs,  and  vastly  increase  the  earning  capacity  of 
rhe  locomotive.-?,  through  a  service  that  should  be  given  without  the  proportionate  inci'oasi'  in  the 
cost,  as  in  the  capacity  of  the  power. 

While  a  heavier  unit  of  power  has  produced  a  reduced  operating  cost  during  the  time  that  it 
has  been  used  on  its  new  built  account,  and  when  the  capacity  of  the  railroad  was  measured  by 
the  old  and  inadequate  facilities  and  conditions,  as  expensive  betterments  and  repairs  have 
become  necessary,  the  cost  for  maintenance  and  to  enlarge  and  improve  the  facilities  has  over- 
balanced the  net  pesults  that  have  been  predicted  and  anticipated. 

Railroads  are  not  operated  to  save  fuel,  or  to  have  locomotives  that  it  does  not  cost  much  to 
maintain  and  run,  and  while  economy  must  be  considered  as  secondary  to  getting  trains  over  the 
road,  at  the  same  time,  the  tractive  power  required  and  the  limits  given  within  which  to  acquii-e 
this,  make  it  neces.«ary  that  locomotives  be  now  so  constructed  and  maintained  that  more  work 
will  be  derived  per  unit  of  fuel  and  the  result  should  be  economy.  Whether  the  economy  will 
be  derived  through  the  use  of  turbine,  internal  combustion,  pneumatic  or  electric  locomotives, 
or  by  a  practical  development  of  the  steam  locomotive  from  the  use  of  improved  boiler,  motion 
gear,  superheating,  compounding,  balancing  and  other  essential  features,  remains  to  be 
determined. 

The  time  has  arrived  for  the  railroad  mechanical  engineers  to  become  more  alert  and  study 
and  assume  their  responsibilities  along  the  broadest  lines.     Those  lines  are  not  limited  by  the 
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shop  confines,  but  extend  into  the  very  pocket  of  the  stockholder.  Each  such  engineer  should 
learn  what  every  month  of  a  locomotive  out  of  service  means  in  loss  of  revenue,  and  he  will  no 
doubt  be  impressed  with  the  greatness  of  his  work  and  of  the  interests  that  may  be  affected  by 
hasty  conclusions  and  departures  from  conservative  practices.  The  broader  problems  and  the 
refinements  in  design  and  construction  must  receive  more  thorough  attention,  and  experiments 
should  be  carried  out  with  precision,  on  a  limited  scale,  until  the  practicability  of  the  device 
under  the  varied  local  conditions  has  been  demonstrated  beyond  any  doubt. 

Now  that  many  of  the  older  railroad  systems  are  nearing  completion  in  mileage,  the  capital 
charges  have  risen  to  as  high  a  level  as  can  be  borne  by  the  business  originating,  and,  as  the 
maintenance  of  equipment  out  of  revenue  has  become  a  matter  of  increasing  urgency,  errors  due 
to  design,  or  too  much  experimentation,  can  no  longer  be  so  eastly  and  conveniently  covered  by 
large  contributions  for  new  locomotive  stock. 

It  is  a  fact  that  electricity  as  a  motive  power  is  superseding  steam,  in  many  cases,  for  the 
handling  of  suburban  passenger  and  freight  traffic,  and  that  it  may  displace  the  latter  for  through 
pasi?enger  service,  but  it  will  be  some  time  before  electrical  energy  will  supplant  steam  power 
for  the  handling  of  heavy  tonnage  for  any  considerable  distance.  While  the  construction  and 
operation  of  electrical  locomotives  is  still  in  an  experimental  stage,  their  performance  during  the 
past  year  under  varying  weather,  rail  and  service  conditions,  when  compared  with  steam  locomo- 
tives, show  a  cost  which  will  make  their  use  prohibitive,  when  fuel  must  be  used  to  generate 
power,  except  in  cases  of  absolute  necessity. 

Therefore,  in  preparing  the  design  for  a  steam  locomotive  of  great  power  for  to-day,  such 
design  and  construction  must  be  udhered  to  as  will  not  only  fulfil  the  present  speed  and  heavy 
tonnage  requirements,  but  which  will  remain  modern  for  several  years  to  come,  and  combined 
in  the  constructive  features  must  be  a  boiler  and  motion  gear  that  will  insure  the  most  conversion 
into  energy  per  unit  of  fuel  consumed,  and  result  in  the  greatest  efficiency  and  economy  with 
respect  to  the  maintenance  and  operation. 

A  discontinuance  of  the  present  prosperous  conditions  of  this  country  and  its  railroads,  and  a 
continuance  of  some  of  the  wasteful  methods  of  railroad  operation,  would  soon  result  in  losses 
which  would  not  occur  had  more  consideration  been  given  to  the  attaining  of  an  economical 
locomotive  service  in  connection  with  an  efficient  one. 

This  report  is  based  on  data  that  have  been  forwarded  by  the  affiliated  managements  and  loco- 
motive builders,  and  as  found  in  technical  papers. 

My  conclusions  are  the  result  of  investigation  and  of  general  opinions  advanced  by  those 
directly  concerned  in  the  design,  building,  maintenance  and  operation  of  locomotives  of  great 
power  for  American  railroads,  embraced  with  the  views  of  my  department  associates  and  of 
myself. 

The  following  arc  the  conclusions  : 

\^  Locomotives  of  great  power,  within  the  present  clearance  and  weight  limits,  may  be 
designed  and  constructed  to  remain  modern  for  several  years  and  produce  a  higher  average  speed 
and  tractive  power  with  less  cost  for  locomotive  expenses  per  unit  of  power  developed,  than  that 
given  by  locomotives  of  large  capacity  in  use  to-day  or  from  the  previous  lighter  equipment ; 

29  The  efficiency  and  economy  predicted  and  anticipated  from  the  use  of  locomotives  of  great 
power,  have  not  been  attained.  Their  development  has  been  too  rapid  on  the  basis  of  the  theo- 
retical calculations  which  did  not  include  the  necessary  factors  for  practical  results,  and  also 
owing  to  the  disregard  of  simplicity  in  design,  substantial  maintenance  and  speed  as  elements  of 
economy ; 
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3**  Locomotives  of  comparatively  recent  construction  have  been  built  without  proper  consider- 
ation for  the  use  of  railroad  standard  designs,  specifications,  practices  and  processes  which  con- 
tinued experience  may  have  determined  to  be  more  suitable  and  interchangeable  than  the 
standards  of  locomotive  builders ; 

49  The  present  ineffective  load  should  be  reduced  by  the  use  of  design  and  material  which  will 
combine  the  least  weight  and  greatest  desired  strength ; 

5°  The  elimination  of  those  individual  preferences,  patented  devices,  fads  and  frills  which  have 
no  real  value,  by  the  use  of  simple,  practical  design  and  construction,  will  produce  more  satis- 
factory general  results ; 

6<>  The  mechanical  department  supervision  has  often  been  curtailed  when  expansion  of  orga- 
nization and  direct  mechanical  control  should  have  been  given  to  insure  the  desired  performance. 
Changes  in  organization  and  methods  have  frequently  been  effected  in  preference  to  conservative 
management,  with  instruction,  education  and  substantial  recognition  for  the  deserving  rank  and 
file; 

7®  The  locomotive  maintenance  and  dispatchment  facilities  have  not  always  been  developed  to 
meet  the  proportionate  increase  in  the  locomotive  dimensions,  capacity  and  requirements,  while 
slow  line  movement  has  made  it  necessary  to  increase  average  mileage  by  reducing  terminal 
mechanical  delay,  during  a  period  when  more  opportunity  for  maintenance  and  handling  has 
been  essential ; 

8^  The  tonnage  hauled  per  train  has  frequently  precluded  the  making  of  an  average  speed 
between  initial  and  destination  terminals  that  would  be  productive  of  efficiency  and  economy  in 
locomotive  operation ; 

9"  Decreased  efficiency  has  resulted  from  the  irregular  transferring  and  crewing  of  locomotives 
for  long  runs.  The  regular  assignment  of  crews  to  locomotives  and  of  suitable  locomotives  to 
shorter  runs  on  regular  districts,  should  accomplish  the  best  results ; 

10°  Provision  for  the  cleanliness  and  care  of  employees  and  equipment  on  the  line  and  at 
terminals,  should  receive  more  consideration ; 

1 1*>  Personal  supervision  and  investigation  should  govern  in  the  construction  and  operation  of 
locomotives  of  great  power,  whilst  statistical  information  and  correspondence  should  be  limited 
and  used  with  caution. 

The  President.  (In  French.)  —  Gentlemen,  you  have  just  heard  Mr.  Muhlfeld's 
remarkable  report,  which,  in  a  masterly  manner,  explains  all  the  conditions  which 
locomotives  have  to  satisfy;  these  have  been  considered,  not  only  from  the  somewhat 
narrow  standpoint  of  their  construction  as  steam  engines,  but  all  practical  questions 
relating  to  the  use  and  distribution  of  locomotives  over  a  railway  system  have  been 
regarded. 

We  shall  now  go  on  lo  examine  these  different  conclusions,  taking  them  up  one 
by  one. 

You  are  now  at  liberty  to  discuss  the  first  conclusions  concerning  the  use  of  the 
patterns  of  locomotives  that  would  seem  most  suitable,  the  employment  of  very  high 
steam  pressures  and  the  results  of  using  the  compound  system.  According  lo 
Mr.  Muhlfeld  there  is  more  to  be  done  in  this  direction. 

We  have  undoubtedly  here  engineers  who  can  help  us  with  their  experience  in  Ihis 
respect. 
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Mr.  J.  F.  Deems,  New  York  Central  &  Hudson  River  Railroad.  —  Mr,  President, 
I  regret  that  1  have  not  been  able  to  give  the  paper  the  attention  that  it  deserves. 
Consequently  I  shall  not  undertake  to  discuss  it  very  much  in  detail.  It  seems  to 
roe,  however,  that  Mr.  Muhlfeld  has  approached  the  subject  in  the  right  spirit.  He 
starts  out  by  calling  attention  to  the  fact  that  railroads  are  not  operated  to  save  fuel. 
I  think  all  of  us  have,  from  time  to  time,  been  impressed  with  the  fact  that  some  of 
our  technical  writers  and  some  of  those  connected  with  railroads,  do  not  seem  to 
appreciate  the  fact  that  not  only  the  locomotive  is  not  built  to  save  fuel  and  that  the 
railroad  is  not  run  for  the  purpose  of  saving  fuel,  but  that  the  railroad  itself,  as  a 
whole,  is  simply  a  machine  for  the  moving  of  freight  and  passengers,  and  it  may  not 
unfrequently  happen  that  the  locomotive,  which  on  a  certain  basis  of  calculation  may 
be  the  most  expensive  in  fuel,  may  be  on  another  basis  the  most  economical.  It  is 
not  uncommon  for  a  shop,  for  a  factory  of  any  kind,  which  is  operated  at  a  very  high 
hourly  wage  rate,  to  be  much  more  economical  in  output  than  one  that  is  operated 
at  a  low  hourly  wage  rate,  and  this  fact,  I  think,  in  connection  with  the  operation 
of  locomotives,  has  not  been  given  the  attention  it  has  deserved.  I  am  ver>^  much 
gratified  to  see  that  my  friend  Mr.  Muhlfeld  has  started  out  in  his  paper  with  that 
statement.  It  of  course  goes  without  saying  that  we  want  to  get  the  greatest  output 
for  the  smallest  outlay. 

One  thing  that  occurs  to  me  in  connection  with  what  is  said  on  page  100  of  the 
report  (*)  is  the  possibility  of  a  successful  locomotive  stoker.  I  have  felt  for  the  last 
year  or  more  that  there  is  perhaps  not  any  one  piece  of  mechanism  that  to-day  is 
deserving  of  so  much  attention  by  men  connected  with  locomotive  operation,  as  is 
the  development  of  a  successful  locomotive  stoker. 

I  wish  to  refer  at  this  time  to  another  point  which  is  brought  out  in  the  paper. 
On  page  114  Mr.  Muhlfeld  says  (^) : 

The  tendency  of  the  present  period  being  to  produce  the  maximum  hauling  capacity  per  unit 
of  power,  one  of  the  simplest  means  to  effect  this  has  been  the  increasing  of  steam  pressures  to 
provide  for  the  greatest  tractive  effort  when  locomotives  are  started  at  slow  speeds. 

In  that  connection —  and  I  have  talked  to  some  of  the  locomotive  builders  about 
it  —  an  important  piece  of  mechanism  which  is  not  receiving  the  attention  that  it 
deserves  is  a  traction  increaser.  A  number  of  them  have  been  produced  and  used 
from  time  to  time,  but  so  far  as  I  know  they  have  all  been  abandoned.  I  may  not 
be  exactly  right  in  that,  but  I  think  as  a  general  statemejit  that  they  have  been  aban* 
doned.  They  have  not  been  continued,  at  least.  I  cannot  help  thinking  that  this 
is  something  worthy  of  a  good  deal  more  attention,  a  good  deal  more  persistent 
eflorty  than  has  been  given  it.  As  I  say,  I  have  talked  to  a  number  of  locomotive 
builders,  but  they  do  not  seem  to  give  the  matter  a  great  deal  of  attention. 


(*)  Vide  Bulletin  of  the  Railway  Congress,  No.  4,  March,  1905,  p.  1116. 
(«)—  —  —  —  —        •-,—    p.  1130. 
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On  page  113  and  at  the  lop  of  page  114,  reference  is  made  to  the  various  designs  of 
compound  engines,  and  favorable  comment  is  made  on  the  four  cylinder  balanced 
type  with  crank  axle  for  high  speeds,  and  I  hope  that  Mr.  Muhlfeld's  expectations 
will  be  entirely  borne  out  in  that  respect.  I  cannot,  however,  help  feeling  that  it 
>vill  take  some  years  yet  to  determine  that  point,  and  it  seems  to  me  that  the  question 
of  a  crank  axle  with  the  tremendous  high  speeds  and  the  heavy  service  that  our 
locomotives  are  subjected  to  to-day,  is  one  that  gives  us  reason  to  doubt  the  successful 
outcome  of  that  particular  device.  We  know  for  a  fact  that  years  ago  when  the 
crank  axle  was  used  it  was  a  source  of  a  great  deal  of  trouble  and  expense  and  it 
was  finally  abandoned.  We  will  admit  of  course  that  the  crank  axle  as  built  to-day 
is  very  much  superior  to  those  used  at  that  time.  We  must  not,  however,  forget 
that  our  locomotives  to-day  are  subject  to  very  much  heavier  strains,  very  much 
harder  service  than  they  were  at  that  time,  and  I  am  inclined  to  think  that  it  will 
take  some  time  before  we  can  feel  entirely  secure  in  the  use  of  the  crank  axle  in 
connection  with  the  four  cylinder  balanced  compound.  I  think  the  principle  is 
right,  but  as  to  that  particular  part  of  it,  I  do  not  feel  quite  sure  as  yet. 

[  notice  in  the  second  conclusion  that  Mr.  Muhlfeld  goes  on  to  say,.. 

The  President.  —  I  would  suggest  to  the  gentleman  that  we  first  confine  ourselves 
to  the  first  conclusion,  and  if  he  has  no  objection  to  it  we  will  take  the  whole 
thing  in  order.  Do  you  not  think  it  will  be  better  to  take  each  conclusion  in 
succession  ? 

Mr.  J.  F.  Deems.  —  Very  well.     I  have  no  objection  to  that. 

The  President.  (In  French.)  —  On  the  question  of  mechanical  stokers,  no  doubt 
some  of  the  engineers  present  will  be  able  to  supply  us  with  interesting  information. 
Our  American  colleagues  will,  I  expect,  be  able  to  provide  us  with  useful  informa- 
tion in  this  respect.  Can  we  regard  these  appliances  as  likely  simply  to  facilitate 
the  work  of  the  men  or  as  also  capable  of  making  an  appreciable  difference  in 
saving  fuel.^ 

Mr.  J.  F.  Deems.  —  Mr.  President,  I  regret  to  say  that  I  cannot  give  very  much  in 
the  way  of  detail  either  as  to  the  construction  or  operation  of  mechanical  stokers  as 
applied  to  locomotives.  While  they  have  been  in  use,  as  doubtless  every  one  here 
knows,  for  the  last  five  to  seven  years,  there  seems  to  have  been  but  little  progress 
or  advance  made  in  the  development  of  the  machine  until  within  I  should  say  the 
past  ten  or  twelve  months.  I  feel,  however,  that  within  that  time  quite  a  good  deal 
has  been  accomplished  and  I  think  a  much  keener  interest  is  being  taken  by  the 
railroads  and  the  railroad  officials,  and  I  think  they  are  much  more  willing  to 
encourage  the  work  and  to  permit  experimentation  with  them  on  the  locomotives 
than  formerly;  but  I  could  not  give  the  matter  in  detail  as  I  have  had  no  personal 
experience  beyond  one  or  two  trips  on  an  engine  equipped  with  a  certain  stoker. 


Digitized  by 


Google 


—  H05  — 

The  President.  —  I  should  like  to  ask  Mr.  Deems  whether  he  thinks  that  these 
mechanical  stokers  are  useful  in  promoting  economic  working. 

Mr.  J.  F.  Deems.  —  Well,  in  the  present  state  of  development,  I  would  not  expect 
any  marked  economy.  I  think,  however,  that  will  come  in  time.  I  feel  quite  sure 
it  will.  The  first  consideration,  at  the  present  time,  is  to  do  something  that  will 
enable  us  to  fire  the  very  heavy  locomotives  more  easily  than  is  being  done  at  the 
present  time.  The  second  consideration,  more  economical  work,  I  think  will 
follow.  I  feel  quite  sure  that  will  be  true.  I  would  not  anticipate  that,  however, 
in  the  present  state  of  the  art. 

The  President.  (In  French.)  —  Perhaps  Mr.  Muhlfeld  will  kindly  give  us  some 
details  about  mechanical  stokers? 

Mr.  J.  E.  Muhlfeld,  reporter.  —  Mr.  President  and  delegates,  the  Baltimore  &  Ohio 
Railroad  has  several  mountain  divisions  over  which  they  have  to  operate  heavy  trains 
of  freight,  trains  of  a  maximum  capacity,  and  we  have  had  quite  a  number  of 
investigations  made  relative  to  the  operation  of  mechanical  stokers.  All  of  them 
have  been  over  feed  stokers  adapted  merely  for  the  purpose  of  relieving  the  firemen 
of  extreme  physical  requirements.  We  have  never  put  into  service  any  of  these 
automatic  stokers  for  the  reason  that  our  investigations  have  not,  in  our  opinion, 
justified  our  going  to  that  expense  or  into  the  matter  to  any  extent  whatever.  I  have 
always  thought  from  the  developments  we  have  made  on  the  Baltimore  &  Ohio 
Railroad  in  connection  with  the  handling  of  heavy  service,  that  it  is  more  desir- 
able to  first  reduce  the  consumption  of  fuel  by  a  greater  economy  in  the  use  of 
steam.  There  are  quite  a  number  of  features  in  the  way  of  compounding,  super- 
heating in  a  better  distribution  of  the  steam  in  simple  locomotives  that  we  think 
can  be  further  developed.  We  have  had  considerable  experience  in  compound 
locomotives  of  the  cross  compound  and  four  cylinder  types.  Wc  have  had  no 
experience  with  the  balanced  compound  types,  but  under  our  conditions  the 
compound  service  has  not  been  favourable.  The  design  in  some  instances  has  not 
been  what  we  have  thought  was  the  best  to  get  proper  results  under  our  conditions, 
mainly  on  account  of  the  large  amount  of  drifting  over  rolling  country.  The  cross 
compound  type  has  given  fairly  satisfactory  results  on  some  level  divisions,  where 
we  have  long  divisions,  t28  to  151  miles  in  length,  and  the  cross  compounds  have 
given  us  some  result  in  the  way  of  fuel  and  water  economy.  The  cost  for  repairs 
has  been  high,  mainly  for  the  reason  that  the  design  of  boilers  was  not  such  as  to 
best  meet  the  water  or  the  service  conditions  we  have  on  those  divisions,  in  connec- 
tion with  very  severe  winter  weather.  We  have  not  obtained  satisfactory  results 
and,  as  I  have  said,  our  opinion  has  been  up  to  the  present  time,  and  in  considera- 
tion of  the  developments  that  have  been  made  in  hauling  capacity  per  unit  loco- 
motive power,  that  we  should  first  try  to  utilize  to  the  greatest  advantage  the  use  of 
steam  by  proper  distribution  in  simple  cylinders.     That  is  the  more  preferable,  but 
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if  in  such  way  we  cannot  reduce  the  fuel  consumption  to  within  the  limits  of  the 
ordinary  endurance  of  a  fireman,  then  we  should  go  to  superheating  or  a  system  of 
compounding,  which  has  been  tried  out  and  it  is  known  to  give  fairly  satisfactory 
results.  The  present  locomotives,  when  it  comes  to  fuel  consumption  over  heavy 
grades,  and  in  connection  with  heavy  tonnage,  have  used  an  extreme  amount  of  coal 
per  mile  run.  The  length  of  trains  and  the  tonnage  in  trains  are  constantly 
increasing,  and  the  cost  for  repairs,  together  with  the  cost  for  fuel  consumption, 
seem  to  develop  in  about  the  same  ratio  as  the  tractive  power.  While  I  agree  with 
Mr.  Deems  that  it  will  probably  be  necessary  in  the  future  to  develop  a  mechanical 
stoker,  if  that  is  done  it  should  be  an  underfeed  stoker.  It  seems  to  me  that 
while  relieving  the  fireman  of  his  duty  of  shovelling  the  coal  in  on  top  of  the  fire  will 
reduce  the  amount  of  physical  labor,  it  will  not  produce  the  results  in  ecx)nomy  or 
efficiency  that  we  should  expect  from  a  mechanical  stoker.  I  think  that  when  a 
mechanical  stoker  is  developed,  it  should  not  only  relieve  the  fireman  of  some  of  his 
physical  duties,  but  it  should  also  give  us  a  greater  efficiency  and  economy  in  the 
locomotive.  That  would  have  to  be  the  result  to  account  for,  in  the  first  case,  a 
complication,  and  in  the  second  case  increased  maintenance  expense  both  of  which 
would  naturally  occur.  Before  any  great  application  is  made  in  a  mechanical 
stoker,  I  think  that  the  better  distribution  of  steam  in  simple  cylinders,  and  super- 
heating and  cross  compounding  should  be  tried  wilh  the  very  best  designs  in  order 
to  get  the  results  from  that  system  first. 

Mr.  D.  F.  Crawford,  Pennsylvania  Lines  West  of  Pittsburgh.  —  The  line  with 
which  I  am  connected  has  made  some  experiments  with  the  automatic  stoker,  but 
up  to  the  present  time,  I  am  not  prepared  to  recommend  the  adoption  of  the  stoker 
that  we  have  tried,  principally  on  account  of  the  fact  that  the  design  is  such  that  the 
fireman,  in  my  opinion,  is  not  relieved  of  the  hardest  part  of  his  labor,  viz.,  lifting 
the  coal.  I  think  there  is  a  limited  field  for  an  automatic  stoker  for  a  locomotive, 
but  I  agree  with  Mr.  Deems  and  Mr.  Muhlfeld  that  it  will  be  some  time  before  it  is 
developed  satisfactorily.  At  the  present  time,  the  demand  is  entirely  due  to  the 
desire  to  reduce  the  work  of  the  fireman.  Later,  the  demand  will  come  on  account 
of  economy.  The  underfeed  stoker  referred  to  by  Mr.  Muhlfeld,  in  my  opinion,  is 
very  promising,  and  I  think  such  a  stoker  will  be  used  on  a  locomotive  within  a 
very  short  time.  If  it  is  as  successful  as  expected,  it  will  be  on  the  basis  of 
economy  more  than  on  the  basis  of  relieving  the  fireman.  The  experiments  we 
have  made  so  far  with  stokers,  show  that,  under  conditions  of  very  steady  loading, 
the  stoker  will  show  a  slight  economy,  but  if  the  division  over  which  the  locomotives 
run  is  in  rolling  country,  requiring  considerable  variation  in  the  steam  pressure, 
the  stoker  is  not  so  economical  as  hand  firing. 

The  President.  —  The  section  will  doubtless  listen  with  interest  to  the  opinion  of 
Mr.  W.  Forsyth,  who  is  well  known  as  the  former  mechanical  engineer  of  the  Chicago, 
Burlington  &  Quincy  Railroad,  and  is  one  of  the  editors  of  the  Railway  Age.    He 
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has  followed  the  development  of  the  locomotive  stoker  in  this  country,  and  he  agrees 
with  what  has  been  said  here.  The  subject  is  receiving  more  interest  and  encour- 
agement from  railroad  men  at  the  present,  and  the  result  is  that  quite  a  number 
of  stokers  are  being  developed.  The  objection  mentioned  by  Mr.  Crawford,  in 
requiring  the  fireman  to  handle  the  coal  to  the  stoker,  has  already  been  provided 
for  in  one  which  has  a  conveyor,  which  brings  the  coal  to  the  stoker  by  power. 
The  delegates  may  be  interested  in  seeing  in  operation  on  the  exposition  grounds 
one  of  the  principal  stokers  which  has  been  used  in  this  country,  and  they  will  see 
how  successful  a  steam  device  is  in  distributing  coal  uniformly  over  a  rather  large 
area.  Mr.  Forsyth  says  that  it  appears  to  be  evident  that  a  machine  which  will  under 
heavy  work  distribute  coal  evenly  and  over  the  surface  of  a  large-fire  box,  and 
prevent  the  air  from  coming  up  through  the  irregular  bed  due  to  hand  firing,  must 
result  in  an  economy  of  fuel,  and  that  he  believes  will  be  one  of  the  important 
results  of  mechanical  stoking.  Manual  stoking  on  a  line  having  heavy  grades  is 
often  unsatisfactory.  A  fireman  starts  out  on  the  trip  fresh,  and  he  then  is  able  to 
do  his  best  work,  but  as  the  labor  increases  and  time  goes  on,  he  becomes  fatigued 
and  gradually  neglects  that  careful  work  which  is  required,  and  the  result  is  that  the 
steam  pressure  is  not  maintained,  the  speed  is  reduced  and  a  successful  trip  is  often 
impossible  with  such  large  engines.  Mr.  Forsyth  thinks  that  it  seems  quite 
probable,  therefore,  that  the  machine  stoker  which  will  distribute  coal  uniformly 
must  result  in  an  economy  not  only  in  fuel  but  in  train  operation. 

Mr  G.  F.  Bidwell,  Chicago  &  North  Western  Railway.  —  Mr.  Chairman,  I  have  a 
question  which  I  would  like  to  ask.  I  would  ask  the  gentlemen  who  have  been 
giving  us  so  much  information  on  this  question  of  the  mechanical  stoker,  if  it  is 
expected  by  any  of  them  that  the  mechanical  stoker  will  enable  us  to  dispense  with 
the  fireman  on  the  locomotive,  as  he  is  called  in  this  country,  and  stoker,  as  he  is 
called  in 'Europe. 

Mr.  J.  F.  Deems.  —  Mr.  President,  I  will  say  that  I  have  talked  this  matter  over 
with  railroad  men  from  one  end  of  the  country  to  the  other,  and  I  have  not  as  yet 
found  anyone  who  entertained  any  such  idea.  I  do  not  think  that  result  is  expected 
or  contemplated  by  anybody. 

Mr.  F.  G.  Wright,  Great  Western  Railway,  Great  Britain.  —  Mr.  President  and 
gentlemen,  I  should  like  to  say  that  on  the  (ireat  Western  Railway  of  England,  we 
have  tried  mechanical  stokers,  and  our  experience  has  been  that  we  get  no  better 
results  and  no  further  economy  than  you  do  by  hand  firing.  The  stoker  has  been 
tried  on  two  separate  classes  of  engines,  and  in  each  case  the  fireman  preferred  to 
put  the  coal  on  in  the  ordinary  way  rather  than  by  putting  it  in  through  the  mech- 
anical stoker,  because  with  the  mechanical  stoker,  the  man  is  obliged  to  lift  the  coal 
higher  up  than  he  would  if  he  fired  by  hand.  Before  this  mechanical  stoker  was 
tried  on  locomotives,  we  tried  mechanical  stokers  on  stationary  boilers,  and  had 
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precisely  the  same  experience.  It  seems  to  me  that  with  mechanical  slokers,  unless 
you  are  able  to  handle  the  coal  without  any  human  aid,  except  perhaps  opening  the 
hoppers  of  the  wagons,  mechanical  stoking  is  a  failure.  You  can  do  far  bctlcr  by 
hand  firing  than  by  mechanical  stokers,  unless  you  are  able  to  do  it  entirely  by  the 
stoker.  That  is  to  say,  you  must  not  touch  the  coal  by  hand  after  it  leaves  the 
truck. 

With  regard  to  locomotives,  il  is  a  difficult  problem  to  solve  in  such  a  way  thot 
after  the  coal  is  once  placed  on  the  tender  you  will  be  able  to  handle  it  by  the  mech- 
anical stoker  entirely,  without  the  fireman  touching  the  coal  at  all.  That  is  a  very 
difficult  thing  to  do.  The  question  of  underfeed  stoking  wc  are  now  experimenting 
with  on  stationary  boilers,  with  a  view  to  trying  it,  if  wc  find  it  successful,  on 
locomotives,  but,  with  the  amount  of  space  so  limited  and  the  construction  of  the 
tender,  which  has  to  provide  for  carrying  water  as  well  as  coal,  it  is  a  difficult 
matter  to  arrive  at  a  mechanical  stoker  which  will  answer  all  the  requirements  of 
a  modern  locomotive.  Until  that  is  done,  hand  firing  will  hold  its  own  for  some 
years  to  come. 

In  regard  to  the  question  of  modern  locomotives  of  large  size  and  powerful  dimen- 
sions, they  are  only  economical  on  our  railways  when  they  are  working  up  to  the 
limit  of  power  for  which  they  are  constructed.  That  is  to  say,  if  you  have  a  powerful 
locomotive  handling  a  light  train,  you  are  doing  so  at  a  very  unnecessary  expense 
compSired  to  handling  it  with  a  locomotive  of  less  dimensions.  1  do  not  know  how- 
it  is  in  America,  but  the  difficulty  in  England  is  to  be  able  to  form  trains  that  are  of 
sufficient  weight  for  the  modern  locomotives  of  such  large  dimensions  to  handle  with 
economy.  Unless  the  trains  are  of  full  load,  the  working  of  these  modern  large 
sized  locomotives  is  very  expensive  compared  with  the  smaller  sized  ones.  There  is 
at  the  present  time  an  effort  being  made  to  run  goods  trains  in  England  of  sufficient 
weight  for  these  large  locomotives  to  handle.  When  that  is  done,  we  shall  find  an 
enormous  saving  in  labor  and  also  a  saving  in  oil  and  coal  and  the  necx'ssary  stores 
required  to  work  a  locomotive. 

Mr.  A.  W.  Oibbs,  Pennsylvania  Railroad.  —  Mr.  President,  I  think  one  of  the 
principal  points  in  regard  to  the  stoker  has  been  entirely  overlooked,  and  it  is  this, 
that  one  of  the  reasons  for  the  great  cost  of  maintenance  of  our  large  engines  is  the 
lack  of  intelligence  on  the  road.  At  present  with  these  large  engines,  no  man  but  a 
very  large  man  can  do  the  work.  The  firemen  of  to-day  are  the  engineers  of  to-mor- 
row, but  where  we  have  to  select  men  for  muscle  alone,  that  is,  for  their  capacity 
to  shovel  so  much  coal  per  hour,  later  on  we  shall  have  to  depend  on  their  intelli- 
gence as  runners.  It  therefore  seems  to  me  that  the  question  of  the  economy  of  coal, 
if  any,  to  be  effected  by  the  mechanical  stoker,  is  but  one  of  the  features  to  be  consid- 
ered, and  that  what  we  want  more  than  anything  else  is  intelligence  in  the  running 
of  our  locomotives  and  their  care,  and,  consequently,  in  the  repair  of  them;  and 
any  device  that  will  tend  to  put  men  of  intelligence,  though  of  light  physique,  on  a 
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parity  with  those  who  have  strength  alone,  is  very  desirable.  It  strikes  me  that  that 
is  the  most  important  feature,  and  that  is  what  will,  if  anything,  justify  the  use  of 
the  stoker. 

Mr.  Laurent,  Orleans  Railway,  France.  (In  French.)  —  Will  somebody  tell  us. 
Sir,  what  is  the  hourly  consumption  of  coal  per  unit  of  area  on  the  American  loco- 
motives with  mechanical  stokers  —  in  other  words,  to  what  hourly  consumption  of 
coal  do  the  Americans  find  mechanical  stokers  correspond? 

Mr  J.  E.  Muhlfeld.  —  Mr.  President,  from  the  discussions  that  have  been  heard 
on  this  subject,  the  requirements  of  a  good  mechanical  stoker  are  greater  efficiency, 
economy  in  maintenance  and  operation  and  reduced  physical  labor  on  the  part  of 
the  fireman.     It  has  been  determined  that  we  can  secure  one  steam  locomotive  unit, 
with  hauling  capacity,  in  compound  gear  of  about  73,000  pounds  tractive  power. 
That  has  been  done  without  the  use  of  a  mechanical  stoker  or  taxing  to  the  limit  of 
physical  endurance  a  competent  fireman,  and  without  the  use  of  any  special  grade 
bituminous  coal  for  fuel.     It  is  dependent  largely  on  the  further  development  of 
locomotives,  as  to  whether  or  not  a  mechanical  stoker  is  required.    If  we  c^n  develop 
in  one  locomotive  75,000  pounds  tractive  power  to  handle  trains  over  the  line  at  an 
ordinary  speed  for  freight  trains,  with  a  good  fireman  who  has  the  physical  ability 
to  meet  those  requirements  and  give  sufficient  of  his  attention  to  signals  and  to 
assisting  the  engineer  in  the  duties  he  has  to  perform,  we  would  fully  accomplish 
the  result.     As  I  have  said,  we  know  that  in  the  handling  of  through  trains  that 
require  a  tractive  power  of  73,000  pounds  to  haul  them,  we  can  get  one  fireman  to 
handle  a  locomotive  which  has  ample  grate  area  to  a  given  amount  of  fire-box  and 
tube  heating  surface,  and  make  use  of  the  cross  compounding  system.     If  the  devel- 
opment of  locomotives  must  become  greater  than  what  has  already  been  done,  we 
shall  have  to  increase,  I  think,  the  gauge  of  the  track,  and  the  clearances,  and  the 
height,  width  and  length  in  general  of  the  despatchment  and  terminal  facilities  all 
the  way  through,  would  have  to  be  remodeled.     Whether  that  would  be  advisable  or 
necessary,  is  something  which  remains  for  the  present  and  also  for  the  future  to 
determine.     So  far,  I  think  that  locomotives  of  that  capacity  would  not  be  adaptable 
to  the  ordinary  dead  freight  requirements.     The  limiting  feature  is  the  length  of 
trains  and  the  tonnage  per  train  that  can  be  handled  over  the  ruling  grades.     That 
has  been  the  limiting  feature  so  far  as  the  Baltimore  &  Ohio  is  concerned,  and  as 
long  as  we  can  get  a  locomotive  that  will  use  less  fuel  through  a  better  distribution 
of  the  steam  by  superheating  or  cross  compounding  or  both,  I  think  it  is  more 
advisable  to  go  into  complications  that  would  be  involved  on  account  of  those 
features,  than  the  complication  and  expense  of  mechanical  overfeed  or  underfeed 
stokers.     The  application  of  a  stoker  is  bound  to  complicate  as  it  vvill  mean  addi- 
tional parts  to  the  locomotive.     It  will  be  liable  to  failure  and  application  will  have 
ot  be  made,  so  that  in  the  event  of  such  you  can  resort  to  hand  firing.     Besides, 
unless  we  go  to  an  underfeed  stoker,  so  that  the  coal  can  be  conveyed  to  the  hoppers 
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automatically  by  gravity,  it  would  necessitate  a  conveyor  system  to  handle  the  coal 
to  an  overfeed  stoker,  which  would  mean  much  more  complication  than  the  results 
would  warrant. 

JCr.  Laurent.  (In  French.)  —  Mr.  Muhlfeid  has  not  given  the  information  I  asked 
for  just  now  but  the  subject  will  crop  up  again  when  we  are  discussing  locomotive 
power. 

So  far,  we  have  done  nothing  in  France  in  this  direction,  and  that  is  why 
I  demanded  fuller  explanation. 

Mr.  J.  E.  Muhlfeid.  —  Mr.  President,  I  cannot  say  just  how  many  locomotives 
have  been  fitted  up  with  mechanical  stokers  in  the  United  States,  but  I  think  it  is  in 
the  neighbourhood  of  fifteen  or  twenty.    Am  I  not  right,  Mr.  Deems? 

Mr.  J.  P.  Deems  —  It  does  not  exceed  that  number  very  much. 

Mr.  J.  E.  Muhlfeid.  —  This  development  of  75,000  pounds  tractive  power  was 
made  during  a  temperature  that  was  in  the  neighbourhood  of  zero  —  that  is,  when 
the  water  was  just  a  little  above  freezing,  say  about  33^,  and  there  was  an  average 
of  about  2,700  pounds  of  coal  consumed  per  hour,  which  would  be  about  60  pounds 
per  square  foot  of  grate. 

The  President  (In  French.)  —  Has  anybody  anything  else  to  suggest  on  this 
subject?  If  not,  we  will  take  up  the  second  conclusion.  Will  the  principal  secretary 
kindly  read  it. 

Mr.  Boell,  principal  secretary,  —  The  following  is  the  second  conclusion  : 

"  2^  The  efficiency  and  economy  predicted  and  anticipated  from  the  use  of  loco- 
motives of  great  power  have  not  been  attained.  Their  development  has  been  too 
rapid  on  the  basis  of  the  theoretical  calculations  which  did  not  include  the  necess- 
ary factors  for  practical  results,  and  also  owing  to  the  disregard  of  simplicity  in 
design,  substantial  maintenance  and  speed  as  elements  of  economy.  "* 

The  President.  —  Now,  I  believe  that  Mr.  Deems  has  something  which  he  wishes 
to  say  on  this  subject. 

Mr.  J.  F  Deems.  —  Mr.  President,  if  I  may  be  permitted,  I  should  like  to  first 
refer  to  what  has  just  been  spoken  of  for  a  moment.  Mr.  Muhlfeid  has  spoken  of 
an  engine  that  develops  75,000  pounds  tractive  power,  and  that  there  was  little 
difticulty  in  one  fireman  maintaining  the  pressure.  Now,  I  want  to  ask  if  that 
condition  prevails  in  ordinary  everyday  service,  and  for  this  reason.  In  service 
conditions,  that  engine  ought  to  haul  from  5,000  to  6,000  tons  over  a  compar- 
atively level  line,  and  in  service  conditions  in  order  to  keep  out  of  the  way  of 
passenger  trains  and  others,  either  on  a  double  or  a  four  track  line,  it  would  have 
of  necessity  to  go  at  a  speed  of  from  25  to  35  miles  an  hour,  and  even  higher  than 
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that  very  often.  I  just  want  to  ask  Mr.  Muhlfeld  if  his  engine  of  75,000  pounds 
tractive  power  was  in  ordinary  service  conditions  such  as  I  have  described,  and  if 
it  was  possible  for  one  fu^enian  to  naaintain  steam? 

Mr.  J.  E.. Muhlfeld.  —  Mr.  President,  the  tests  have  been  made  both  in  pusher 
service  and  in  through  freight  service.  With  the  maximum  trains  we  handled  in 
the  through  service,  the  average  time  on  the  road  was  about  nine  hours,  that  is,  in 
covering  all  the  trips  during  which  the  tests  were  made,  and  the  consumption  of 
coal  per  square  foot  of  grate  per  hour  averaged  about  60  pounds  and  the  consump- 
tion per  mile  run  was  about  473  pounds.  The  speed  was  about  10  miles  an  hour. 
We  made  the  test  during  the  most  unfavourable  conditions,  that  is,  during  severe 
winter  conditions.  We  have  had  a  pretty  severe  winter  during  the  last  year,  a  good 
deal  of  freezing  weather  and  a  good  deal  of  snow,  and  there  has  been  a  great  deal 
of  time  that  the  locomotive  has  been  standing  around  on  the  side  tracks,  and  such 
conditions,  I  think,  are  more  severe  than  where  you  can  keep  the  locomotive 
moving.  It  seems  to  me  that  if  we  can  start  a  locomotive  from  a  terminal  for  a  trip 
say  100  miles,  or  any  length  within  reason,  and  keep  it  moving,  we  can  get  more 
satisfactory  results  in  fuel  consumption  than  where  it  is  lying  on  a  side  track, 
especially  where  run  of  mine  quality  of  fuel  of  the  ordinary  bituminous  grade, 
which  clinkers  considerably,  is  used. 

In  continuation  of  that  reply,  I  might  say  that  this  locomotive  has  driver  wheels 
o7  inches  in  diameter.  For  road  service  and  higher  speed  we  should  not  consider 
less  than  (53  inches,  which  would  facilitate  the  speed  and  the  movement,  and  at  the 
same  time  reduce  the  number  of  cylinders  full  of  steam  required  per  mile,  and 
which  would  tend  to  reduce  the  fuel  consumption. 

The  President.  —  Will  Mr.  Deems  say  something  about  the  reporter's  second 
conclusion? 

Mr.  J.  F.  Deems.  —  Mr.  President,  I  notice  in  the  second  conclusion  that 
Mr.  Muhlfeld  says  as  follows  :  ^ 

The  efficiency  and  economy  predicted  and  anticipated  from  the  use  of  locomotives  of  great 
power,  have  not  been  attained. 

I  am  rather  inclined  to  take  issue  with  Mr.  Muhlfeld  on  that.  1  think  while  we 
perhaps  have  not  gotten  all  that  we  would  like  to  get,  yet  we  have  very  good  reason 
to  feel  a  degree  of  satisfaction  with  what  we  have  attained  with  the  larger  power. 
In  the  statements  that  we  get  from  month  to  month  and  year  to  year  on  the  lines 
with  which  1  am  connected,  we  show  each  year  perhaps  a  smaller  number  of 
freight  trains  handled  and  a  very  largely  increased  tonnage.  That  has  been  ver}^ 
noticeable.  I  cannot  give  any  figures,  but  I  feel  that  the  large  power  is  giving  a 
very  good  account  of  itself. 
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Now,  there  is  one  point  here  that  I  should  like  to  refer  to.  Onpages  88  and  89  of 
his  paper,  Mr.  Muhlfeld  says  (*)  : 

While  the  provision  for  tube  heating  surface  has  been  quite  liberal,  the  development  of  grate 
area  and  fire-box  heating  surface  has  been  retarded.  Long,  narrow  and  deep  water  legs,  result- 
ing in  restricted  circulation  and  burning  of  sheets,  together  with  designs  that  do  not  provide 
sufficient  flexibility  for  the  plates,  seams  and  joints  are  largely  responsible  for  the  cracked  sheets, 
leaky  and  broken  stay  bolts,  and  leaky  seams,  that  are  now  so  prevalent  in  fire-boxes,  as  to 
seriously  interfere  with  the  performance  of  the  power. 

Less  than  a  month  ago,  my  attention  was  called  to  a  case  on  one  of  the  properties 
I  am  connected  with,  where  the  long  narrow  and  deep  fire-box,  in  locomotives  carry- 
ing 200  pounds  pressure,  had  lasted  twice  as  long  as  the  wide  fire-box  with  much 
more  ample  water  space.  I  confess  I  was  quite  surprised  at  that,  and  it  was  not  in 
one  instance,  but  in  several.  My  attention  was  called  to  the  fact  that  the  narrow 
fire-box  resting  above  the  frame  and  extending  out  to  just  the  outer  line  of  the  same, 
was  lasting  twice  as  long  as  the  very  wide  box  extending  beyond  the  frame  with  the 
same  steam  pressure  in  the  same  territory  and  in  the  same  service.  Really  it  was  such 
a  surprise  to  me  that  I  have  been,  I  might  say,  lying  awake  nights  about  it.  I  cannot 
understand  it,  and  I  just  noticed  that  on  this  paper.  It  seems  to  me  that  is  some- 
thing well  worthy  of  serious  consideration.  The  wide  fireboxes  are  being  replaced 
after  making  a  very  limited  mileage,  while  the  others  are  running  and  have  not  been 
developing  any  cracks  or  trouble  of  any  kind  at  all. 

On  page  93  of  his  paper,  near  the  bottom  of  the  page,  he  says  (-)  : 

...  While  arrangements  which  have  been  found  complicated  and  impracticable,  although  the- 
oretically correct,  will  be  and  are  being  abandoned  for  the  best  interests  of  the  general  service  by 
a  practical  solution  of  the  details  to  meet  local  conditions. 

That  is  something,  it  seems  to  me,  which  is  worthy  of  a  great  deal  of  attention. 
There  is  too  much  of  a  tendency  to  add  parts,  and  when  one  of  our  good  friends 
the  supply  man  comes  in  and  talks  to  me  about  adding  something  to  the  engine, 
I  tell  him,  no,  we  are  paying  men  for  telling  us  how  to  throw  something  away,  to 
get  rid  of  a  part  and  not  to  adil  anything.  I  think  that  is  a  matter  that  is  deserving 
of  the  most  careful  thought  on  the  part  of  everyone  connected  with  locomotive 
designs.  I  notice  about  the  breaking  of  cylinders.  As  long  as  five  years  ago  I  took 
up  the  question  of  making  cast  steel  locomotive  cylinders.  The  present  tendency  or 
practice  is  to  bush  almost  all  locomotive  cylinders,  even  though  they  are  of  cast  iron. 
We  also  put  a  cast  iron  bushing  in  the  valve  chamber.  The  thought  occurred  io  me 
that  we  might  lighten  the  weight  of  the  cylinders  and  get  them  much  stronger  by 
using  cast  steel.  At  that  time  w^e  could  find  no  one  who  would  agree  to  make  a  cast 
steel  locomotive  cylinder  except  from  a  very  small  pattern,  but  within  a  month 


(*)  Vide  Bulletin  of  the  Railway  Congress,  No.  4,  March,  190.5,  p.  1104  et  110.5. 
(i^)    -         -  -  ---__-     p.  nil. 
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I  have  found  one  firm  willing  to  undertake  the  manufacture  of  cast  steel  cylinders 
of  the  very  largest  and  most  complicated  designs,  and  they  are  willing  to  make  the 
patterns  and  take  the  responsibility.  They  will  make  the  patterns  and  machine  these 
cylinders  and  lake  the  entire  responsibility  of  delivering  to  the  railroads  a  perfect 
cast  steel  cylinder.  This  seems  to  me  worthy  of  some  consideration.  I  have 
consulted  with  another  prominent  steel  expert,  an  expert  in  the  manufacture  of 
cast  steel,  and  he  doubts  whether  it  can  be  done.  So  that  the  matter  is  rather  open 
as  yet,  but  so  long  as  you  c^n  find  a  reputable  manufacturer  who  is  willing  to  take 
the  responsibility,  it  is,  to  say  the  least,  encouraging,  and  it  seems  to  me  that  that  is 
worthy  of  consideration  in  connection  with  what  Mr.  Muhlfeld  has  said  about  the 
breaking  of  cylinders  and  about  reducing  the  weight. 

Another  point  under  the  second  conclusion  that  I  desire  to  refer  to  was  the  use  fif 
the  Walschaerts  valve  gear,  or  some  valve  gear  that  will  enable  us  to  dispense  with  ihe 
enormously  heavy  eccentrics,  and  eccentric  straps,  etc.,  of  the  Stephenson  genr. 
That  is,  in  my  opinion,  one  of  the  developments  that  we  should  be  giving  a  great 
deal  of  consideration  to.  My  attention  was  called  the  other  day  to  a  locomotive  t>f 
very  heavy  capacity,  on  \vhich  the  Walschaerts  valve  gear  had  been  placed,  and  the 
reduction  in  the  weight  was  about  1,300  pounds.  This  is  quite  an  important  matter, 
and  the  results  obtained  were  very  satisfactory. 

I  also  want  to  endorse  what  Mr.  Muhlfeld  has  said  concerning  the  tendency 
towards  higher  driving  wheels  and  dispensing  with  the  lower  wheel.  That  of 
course  becomes  necessary  as  traffic  on  the  lines  becomes  more  dense,  and  it  is  more 
difficult  to  keep  the  freight  trains  moving  and  out  of  the  way  of  the  passenger 
trains.  It  is  forced  on  the  attention  of  everyone  at  the  present  lime  except  on  such 
lines  where  there  may  be  a  class  of  coarse  freight  which  is  handled  slowly. 

Mr.  R.  P.  C.  Sanderson,  Seabord  Wr  Line  Uailway,  United  States.  • —  I  can  side 
with  Mr.  Deems  with  regard  to  the  success  which  has  followed  the  use  of  large  power 
I  think  I  am  justified  in  saying  that  with  three  years*  use  of  heavier  power  1  can 
show  figures  regarding  general  expense  and  increased  earnings,  in  favour  of  tie 
treasury.  There  is  only  one  standpoint  from  which  we  should  look  at  this  question, 
and  that  is  the  nett  dollars  which  go  into  the  box  of  the  treasurer  of  the  company. 
All  tests,  every  set  of  statistics,  must  be  subject  to  that  one  standard,  and  1  can  say 
with  confidence  that  we  can  show  a  distinct  gain  in  that  direction  as  the  result  of  the 
use  of  heavier  power. 

With  reference  to  cylinder  breakage,  I  think  it  is  right  to  make  all  cylinders 
buslied.  You  need  a  different  iron  for  your  cylinder  proper  than  you  do  for  the 
wearing  surface  of  that  cylinder.  The  cylinder  bushing,  ought  to  be  made  with 
about  20  or  28  per  cent  wheel  iron,  white  iron.  The  cylinder  itself  should  be  of 
tough  gray  iron  with  a  certain  percentage  of  steel  scrap  and  some  charcoal  iron. 
I  was  troubled  at  one  time  with  broken  cylinders  which  were  quite  mysterious  as  to 
the  cause  of  the  breakage,  and  to  find  the  reason  I  reconstructed  the  cylinders  in 
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models  1  ^2  inches  to  the  foot,  in  stiff  drawing  paper  almost  exact  duplicates  of  the 
actual  cylinders,  and  tested  and  wrenched  them  until  I  made  the  brittle  paint  on 
the  paper  crack  in  the  same  place  that  the  cylinders  broke.  I  found  in  this  way  the 
reasons  for  the  weaknesses  in  cylinder  design  and  changing  the  ribbing  and  altering 
the  cylinder  somewhat  was  able  to  eliminate  these  breakages  altogetHer. 

With  regard  to  obtaining  results  through  the  use  of  large  engines  there  are  two 
principal  things  you  must  look  at  —  one  is  steam,  you  want  steam;  more  boiler, 
and  still  more  boiler.  Then  you  want  to  give  the  man  a  reverse  lever  which  he 
can  handle.  Take  these  large  engines,  22  x  32,  with  200  pounds  and  over  of 
steam,  with  a  slide  valve,  no  matter  how  well  balanced,  if  the  engineer  undertakes 
to  change  the  lever  in  the  rack  to  correspond  with  the  grades,  the  chances  are  it  will 
throw  him  out  of  the  cab  window  and  he  does  not  like  to  handle  it.  The  conse- 
quence is  he  leaves  it  alone.  If  you  give  him  a  well  balanced  piston  valve,  a  thing 
which  he  can  handle,  he  will  use  it  and  accomplish  a  great  deal  more  than  you  can 
with  the  most  refined  valve  motion  he  cannot  operate.  That  is  an  important  thing, 
in  my  opinion  —  if  a  man  has  a  thing  to  operate  and  cannot  easily  work  it  under 
the  extreme  conditions  of  heavy  service,  it  will  result  in  a  loss  of  economy  instead 
of  an  advantage. 

Mr.  W.  Mcintosh,  Central  Railroad  of  New  Jersey.  —  The  road  that  I  am  connected 
with,  the  Central  Railroad  of  New  Jersey,  commenced  to  purchase  large  power  about 
six  years  ago,  and  w^e  have  a  considerable  proportion  of  that  type  of  power  in  service 
now.  Our  first  experience  with  the  large  locomotive  was  unfavourable,  for  the 
reason  that  it  was  not  very  well  developed  when  it  came  to  us  from  the  manufacturers' 
hands,  and  we  found  that  our  motive  men,  I  might  say  our  engine  men,  did  not  take 
kindly  to  it  for  the  reason  that  it  was  much  larger  than  what  they  had  been  accus- 
tomed to,  and  certainly  it  was  more  difficult  to  handle  than  they  had  experienced 
with  the  older  and  smaller  type  of  engine.  We  gradually  overcame  the  prejudice  of 
the  men,  and  improved  the  weak  parts  of  the  machines  to  such  an  extent  that  we 
secured  very  satisfactory  results,  and  we  have  continued  in  that  direction  until  we 
now  have  the  engines  brought  up  to  a  standard  which  meets  our  requirements  very 
well.  There  is  no  question  about  the  value  of  large  power  to  a  railroad  corporation. 
We  have  increased  our  loads  materially  and  in  proportion  the  large  power  has 
materially  reduced  the  cost  of  operation. 

The  President.  (In  French.)  —  In  following  Mr.  Muhlfeld*s  conclusions,  it  appears 
that  he  regards  the  compound  as  the  locomotive  of  the  future.  It  would  be  inter- 
esting to  know  whether  his  view  is  supported  by  tlie  majority  of  the  members,  or  if 
there  are  any  opposite  views  held. 

Mr.  J.  E.  Muhlfeld,  reporter,  —  I  feel  that  the  cross-compound  engine  in  connec- 
tion with  superheating,  or  without,  will  under  unfavourable  weather  and  water 
conditions,  and  where  the  cost  for  fuel  is  high,  give  an  efficient  service  with  greater 
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economy,  that  is,  for  maintenance  and  operation,  than  may  be  derived  from  simple 
locomotives;  but  where  the  conditions  are  favourable  In  the  way  of  fuel,  water  and 
weather,  and  where  you  have  mountainous  lines  or  rolling  country,  there  is  no  doubt 
but  that  the  simple  engine  in  the  cost  of  operation  and  earning  capacity  to  the  rail- 
road company,  as  a  whole,  will  give  most  satisfactory  results.  Mr.  Deems  and  the 
other  gentlemen  made  the  point  that  the  large  locomotives  in  service  have  given  the 
degree  of  efficiency  and  economy  which  had  been  anticipated  from  them.  Many 
factors  enter  into  that  —  first,  how  long  have  the  new  locomotives  been  in  service; 
again,  over  what  sort  of  territory  and  at  what  speeds  do  they  operate;  also,  what  are 
the  weather,  the  water  and  the  fuel  conditions  —  all  these  factors  must  enter  into 
the  proposition.  On  our  road,  the  average  length  of  service  of  an  engine  runs  over 
a  period  of  about  ten  years,  which  means  that  we  have  much  modern  stock  in  the 
service.  \N'e  have  the  level  country  and  also  the  mountain  service  conditions  and  a 
sufficient  number  of  locomotives  of  all  types  to  form  a  conclusion  as  far  as  our  local 
conditions  are  concerned.  The  modern  types  have  been  in  senice  from  five  to  nine 
years,  a  majority  under  high  steam  pressure,  operating  under  all  sorts  of  conditions. 
Some  of  these  locomotives  have  given  good  results,  and  others  have  not,  largely  due 
to  design,  material  and  construction,  and  often  due  to  operation. 

When  you  come  to  average  the  annual  cost  for  maintenance,  cost  for  renewals 
and  cost  for  betterments  for  a  certain  term  of  years,  we  have  not  been  able  to  see 
where  the  modern  locomotives  have  given  us  the  service  we  should  have  expected 
from  the  added  investmenl  or  capitalization.  Comparing  these  results  on  the 
Baltimore  &  Ohio,  as  well  as  on  other  railroads,  for  which  we  have  received 
statistics,  it  would  seem  to  indicate  that  where  you  have  unfavourable  conditions 
and  where  the  lighter  class  of  power  under  favourable  conditions  have  given  fairly 
satisfactory  results,  the  modern  locomotives  when  their  use  is  inaugurated,  have  not 
been  as  successful  as  they  should  have  been.  On  lines  where  they  have  given  satis- 
factory results  it  is  no  doubt  due  to  good  designs,  construction  and  operation  and  all 
factors  embodied  in  the  locomotives  as  they  should  be.  In  some  cases  that  has 
been  the  case  and  in  others  it  has  not.  When  it  comes  to  the  results  which  can  be 
accomplished  by  the  application  of  large  tractive  power,  I  am  of  opinion  that  there 
is  considerable  room  for  improvement,  and  i  believe  that  the  results  to  be  forthcom- 
ing in  the  next  ten  years,  will  be  more  satisfactory  than  what  has  been  accomplished 
up  to  the  present  time.  It  is  natural  that  it  should  be  so.  Taking  the  experience 
we  have  had  in  the  past  few  years,  and  the  opportunity  for  working  out  the  various 
factors,  I  think  that  it  should  result  in  better  performances. 

Taking  the  item  of  motion  gear  and  the  use  of  high  steam  pressures  —  motion 
gear  is  an  item  constantly  growing  in  weight  and  size,  and  many  locomotives  are 
being  run  with  distorted  steam  distribution.  That  represents  wastefulness.  Where 
the  steam  is  used  unnecessarily,  it  means  a  waste,  and  that  goes  right  back  to  the 
fire-box  and  the  fuel  consumption,  which  is  a  primary  factor.  Comparing  the 
present  gear  of  general  type,  the  Stephenson,  with  the  motion  in  use  in  foreign 
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countries;  by  applying  the  latter  gear  to  our  modern  locomotives  so  far  as  it  has 
developed,  we  have  secured  good  results.  Whether  it  can  be  satisfactorily  worked 
out  in  further  detail  remains  to  be  seen. 

I  agree  that  the  cylinders  should  be  bushed,  and  if  wc  can  get  castings  made  of 
cast  steel,  that  practice  should  be  followed  out  both  from  the  standpoint  of  efficiency 
and  less  liability  of  breakage,  and  al^  to  give  reduced  weight.  The  weight  which 
we  can  take  out  of  these  castings  should  give  us  more  weight  to  put  in  the  boiler 
and  other  parts  of  the  engine  where  we  can  use  it  to  better  advantage.  The  require- 
ments of  locomotive  boilers  are  not  only  to  supply  the  steam  to  operate  the 
machine,  but  also  to  drive  the  air  pumps  on  long  trains  requiring  the  use  of  air 
compressors  developing  50  horse-power.  On  passenger  trains,  there  is  the  necess- 
ity for  steam  heating  in  the  winter;  also  the  operation  of  automatic  sanders  and  of 
many  other  appliances  which  require  considerable  steam,  in  addition  to  what  is 
necessary  to  haul  the  train. 

As  to  the  remarks  about  the  narrow  fire-boxes  —  these  are  very  interesting  to  me, 
because  in  our  own  experience,  as  well  as  from  the  experience  of  other  railroads,  we 
have  generally  found  that  the  narrow  fire-boxes  have  resulted  in  the  earlier  crack- 
ing of  the  sheets  than  in  the  case  of  the  wide  fire-boxes,  and  our  investigations  have 
developed  that  it  has  been  mainly  due  to  the  design  and  construction  where  the 
sheets  are  too  rigid  or  the  fire-box  too  long  and  the  water  space  restricted,  as  well 
as  to  the  method  of  washing  out  and  cooling  down  the  boilers,  all  tending  to  pro- 
duce serious  strains  which  result  in  the  difficulty.  We  have  renewed  many  fire- 
boxes which  are  only  three,  four,  or  Vwe  years  old,  and  we  attribute  the  difficulty  in 
some  cases  to  the  material,  in  some  cases  lo  the  design,  and  in  others  to  lack  of 
maintenance  attention.  These  are  factors  which  arc  involved,  and  can  be  overcome 
by  a  design  lo  belter  meet  local  conditions.  I  do  not  think  it  is  possible  lo  design 
one  type  of  locomotive  and  make  use  of  it  to  advantage  on  numerous  divisions  or 
over  a  large  territory;  for  if  you  take  into  consideration  the  changes  in  fuel,  water 
and  weather,  everything  counts  in  producing  economical  maintenance  and  opera- 
lion 

In  the  use  of  narrow  fire-box  boilers,  while  it  is,  of  course,  possible  to  make  a 
design  which  will  cover  all  conditions,  when  you  do  that,  you  may  restrict  your 
tube  heating  surface  and  grate  area.  In  our  experience,  we  have  found  even  where 
we  had  reduced  tube  heating  surface  but  with  large  grate  area,  we  could  always  get 
steam;  but  where  we  had  the  reverse,  we  did  not  always  get  steam. 

Mr.  K,  Dubois,  French  Western  Railway.  (In  French.)  —  We  have  heard  that  the 
cylinders  of  American  locomotives  break  so  often  that  it  has  been  found  advisable  lo 
use  special  kinds  of  metal  in  their  manufacture.  On  the  French  railways,  we  have 
not  experienced  the  same  sort  of  trouble.  Perhaps  our  American  colleagues  will 
be  good  enough  lo  tell  us  the  probable  causes  of  these  breakages  of  which  they 
speak  and  tell  us  at  what  points  they  have  found  these  breakages  occur. 
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Mr.  J.  E.  Muhlfeld.  —  In  our  experience,  the  breakage  has  been  in  the  nature  (»f 
cracks  through  the  steam  and  exhaust  ports  and  in  the  walls  of  the  cylinder.  Where 
we  have  followed  the  practice  of  bushing  cylinders,  both  the  cylinder  proper  and 
the  bushing  are  made  of  cast  iron,  of  practically  the  same  quality,  but  the  bushing 
on  account  of  being  separately  cast  will  give  a  better  bearing  surface  and  a  tougher, 
closer  grained  material  than  in  the  large  casting,  due  to  foundry  practice.  We  have 
removed  quite  a  number  of  cylinders  on  account  of  cracks  developing  through  the 
steam  and  exhaust  port  and  in  the  walls  of  the  cylinder.  The  cracks  in  the  walls 
of  the  cylinder  are  largely  on  account  of  accumulated  condensation  and  in  some 
cases  on  account  of  the  walls  having  been  bored  out  too  thin,  and  other  factors, 
which  would  be  overcome  if  we  made  use  of  cast  steel  in  the  cylinder  proper,  and 
used  cast  iron  bushings. 

The  President.  (In  French.) —  If  no  one  has  anything  more  to  say  on  the  second 
conclusion,  I  will  ask  our  principal  secretary  to  read  conclusions  3,  4  and  5,  which 
we  can  discuss  together. 

Mr.  Boell,  imncipal  secretm^  : 

•  3**  Locomotives  of  comparatively  recent  construction  have  been  built  without 
proper  consideration  for  the  use  of  railroad  standard  designs,  specifications,  prac- 
tices and  processes,  which  continued  experience  may  have  determined  to  be  more 
suitable  and  interchangeable  than  the  standards  of  locomotive  builders. 

*  4**  The  present  ineffective  load  should  be  reduced  by  the  use  of  design  and 
material  which  will  combine  the  least  weight  and  greatest  desired  strength. 

"  o**  The  elimination  of  those  individual  preferences,  patented  devices,  fads  and 
frills  which  have  no  real  value,  by  the  use  of  simple,  practical  design  and  construc- 
tion, will  produce  more  satisfactory  general  results  " 

The  President.  —  Mr.  Deems;  will  you  give  us  your  experience  in  relation  to  the 
third,  fourth  and  fifth  conclusions? 

Mr.  J.  F.  Deems.  —  Mr.  President,  I  do  not  know  that  I  am  prepared  to  say  much 
about  this.  I  have  read  them  very  hurriedly.  I  note  that  the  chapter  XXI  begins 
with  the  following  : 

When  railroads  must  rapidly  develope  their  locomotive  stock,  for  the  increased  demands  of 
traffic,  it  becomes  a  difficult  matter  to  get  sufficient  time  to  make  thorough  investigations  and 
tests,  and  to  determine  the  most  practical  and  advanced  design,  specification  and  method  of 
construction  that  will  fully  meet  the  general  requirements. 

I  have  an  impression  we  are  meeting  those  difficulties  on  this  side  of  the  water 
more  than  they  are  on  the  other  side,  on  account  of  the  very  violent  fluctuation  in 
the  volume  of  business  which  we  handle.  The  facts  in  the  case  are  exactly  as 
Mr.  Muhlfeld  has  cited  them.  We  have  got  to  secure  locomotives  on  comparatively 
short  notice,  one  hundred,  two  hundred  and  three  hundred,  and  the  operating 


Digitized  by 


Google 


—  H18  — 

department  says  they  must  have  them  as  quickly  as  we  can  provide  them.  The 
locomotive  people  say  we  must  reserve  a  space,  etc.,  and  everybody  is  pushed  to  the 
limit  to  get  a  locomotive,  something  which  will  move  a  train  and  the  result  is  that 
the  care  and  attention  to  details  and  design  especially  for  a  new  type  of  locomotive, 
are  not  quite  as  they  should  be.  Locomotives  are  purchased,  and  perhaps  they  are 
not  satisfactory  at  first,  and  little  by  little  they  are  altered  and  changed,  and  the 
design  of  the  locomotive  brought  up  to  something  near  what  it  should  be.  I  have 
an  impression,  however,  that  the  condition  described  is  one  which  is  met  in  this 
country  in  a  much  more  aggravated  way  than  it  is  across  the  water,  where  the  fluc- 
tuations in  business  are  not  so  great  as  they  are  on  this  side.  This  is  a  very  impor- 
tant consideration  in  connection  with  the  purchase,  not  only  of  locomotives,  but  all 
types  of  rolling  stock. 

Under  the  head  of  the  fifth  conclusion  regarding  the  elimination  of  these  indivi- 
dual preferences,  patented  devices,  fads  and  frills,  which  have  no  real  value,  by  the 
use  of  plain,  simple,  practical  design  and  construction  which  will  produce  a  more 
satisfactory  general  result,  I  think  that  is  a  matter  which  should  be  dwelt  on  and 
given  a  great  deal  of  thought.  I  think  it  is  receiving  such  thought  at  the  present 
time. 

I  notice  on  pages  60  and  61  (*)  in  connection  with  this  conclusion,  in  the  second 
paragraph,  Mr.  Muhlfeld  calls  the  attention  of  railroad  mechanical  engineers  to  the 
importance  of  giving  more  attention  to  the  practical  uses,  so  to  speak,  of  the  loco- 
motive, and  cutting  out  the  fads  and  frills  and  individual  preferences.  Of  course, 
that  is  a  little  difficult.  It  is  pretty  hard  to  eliminate  human  nature  and  it  will  crop 
out  in  the  design  of  a  locomotive,  but  I  think  it  is  one  of  the  things  which  should  be 
given  a  great  deal  of  consideration  by  designers,  not  only  the  engineers  of  the  roads 
but  by  the  builders.  I  feel,  however,  that  perhaps  not  enough  careful  attention  has 
been  given  to  the  design  of  the  locomotive  by  the  railroad  mechanical  engineers,  and 
it  is  for  the  very  reason  which  has  been  stated  before,  when  the  time  comes  to  buy 
locomotives,  they  do  not  have  the  time  to  give  the  consideration  to  the  details,  the 
builder  has  the  thing  worked  up,  it  is  presented  to  the  management,  and  the  loco- 
motive is  bought. 

The  President.  (In  French.)  —  I  should  like  to  remark  once  again  that  the  com- 
pound system  with  high  pressure  is  a  subject  of  high  interest.  Are  there  any 
engineers  present  who  believe,  on  the  contrary,  that  the  simple  non-compound 
engine  is  capable  of  proving  quite  satisfactory? 

Mr.  B.  F.  Crawford.  —  Our  experience  in  compound  engines  is  so  limited  that  I 
cannot  say  anything  about  the  question  which  has  been  proposed  by  the  President. 

The  President.  —  Will  Mr.  Gibbs  speak? 


(1)  Vide  Bulletin  of  the  Railway  Congrest^  No.  4,  Hiureb,  1905,  p.  1076  «t  1077. 
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Mr.  A.  W.  Oibbs.  —  I  would  rather  be  excused. 

The  President.  —  We  would  like  to  hear  from  Mr.  Sanderson. 

Mr.  B.  P.  C.  Sftiid^soiu  —  I  dislike  to  say  anything  after  Mr.  Gibbs  declines,  but 
1  think  this  is  true.  The  compound  principle  of  steam  engines  had  reached  its 
highest  development  in  marine  and  stationary  and  pumping  service,  where  the  loads 
were  practically  uniform  at  all  times,  where  the  work  developed  in  the  machine  was 
practically  uniform.  If  you  can  reason  from  analogy,  it  looks  as  if  the  compound 
locomotive  could  be  expected  to  be  a  permanent  success  on  such  grade  lines  where 
the  work  done  will  be  practically  uniform,  because,  if  I  understand  it,  the  com- 
pound engine  is  not  economic  except  within  certain  narrow  ranges  of  expansion  for 
which  the  cylinders  are  especially  adapted,  and  if  the  engine  is  worked  heavily 
overloaded  or  underloaded,  a  considerable  portion  of  the  time,  on  account  of  an 
undulating  grade  line,  it  will  be  more  wasteful  than  the  simple  engine.  From  that 
it  seems  lo  me  there  is  a  field,  and  a  permanent  field,  for  the  permanent  success  of 
the  compound  engine;  and  another  field  where  the  simple  engine  will  always  hold 
its  own. 

Mr.  G.  E.  Joughins,  Department  of  railways  and  canals  of  Canada.  —  I  have  had 
some  experience  with  compound  engines  dating  back  for  ten  or  twelve  years.  The 
first  railway  with  which  I  was  connected,  where  we  had  the  compound,  was  a  railway 
of  light  grades  through  a  practically  level  country,  and  we  found  very  great  satis- 
faction in  the  use  of  the  compound  engine.  We  were  always  able  to  save  a  large 
proportion  of  the  fuel,  certainly  15  or  20  per  cent.  The  men  who  ran  the  locomo- 
tives liked  them  very  well,  at  least,  after  the  first  few  months  during  which  it  was 
necessary  for  them  to  become  acquainted  with  the  machine,  and  finally  they  preferred 
the  compound  locomotive  lo  the  simple  engine,  because  in  that  countr}^  it  is  able  to 
haul  a  long  train  with  less  fuel  and  less  labor  on  the  part  of  the  men  than  the  simple 
engine.  In  the  case  of  the  road  with  which  I  am  connected  at  present,  however, 
we  have  on  every  division  one  per  cent  grades  in  both  directions,  we  seem  to  be 
always  climbing  over  a  mountain  and  the  consequence  is  that  the  compound  engine 
is  not  so  satisfactorj^  for  that  service.  During  the  time  we  are  going  down  grade,  the 
compound  feature  is,  of  course,  not  in  use,  we  are  not  using  steam,  and  the  simple 
engine  under  these  circumstances  seems  to  give  better  sen^ice  than  the  compound ; 
it  runs  down  hill  easier,  and  therefore  at  the  end  of  the  journey  it  does  not 
require  so  much  repair  as  the  compound  engine.  In  consequence  of  going  up  the 
grade  on  one  side  and  going  down  on  the  other,  we  do  not  find  such  a  large  economy 
in  fuel  as  in  the  level  country.  The  total  expenses  of  running  the  locomotive  are 
very  slightly  difterent  in  the  two  types,  because  while  the  compound  engine  saves  a 
little  in  fuel,  under  these  conditions  it  increases  the  maintenance  account.  It  parti- 
cularly requires  more  expert  service  and  more  experienced  mechanics  to  make 
repairs  upon  it  than  the  simple  engine,  and  it  seems  to  us  as  though  we  need  expert 
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mechanics  to  attend  to  the  compound  engines  at  almost  every  roundhouse  and  every 
division  point  to  make  their  service  satisfactory.  Of  course,  that  is  brought  about 
by  the  fact  that  all  the  mechanics  in  this  country  have  been  trained  to  become 
familiar  with  the  parts  of  the  simple  engine.  If  something  is  wrong,  they  imme- 
diately know  where  to  look  for  the  trouble  and  go  ahead  and  repair  it;  they  can 
soon  put  the  engine  in  shape  so  that  it  can  be  used.  But  in  the  case  of  the  com- 
pound engine,  we  find  our  mechanics  much  less  familiar  wilh  it,  and  when  an 
engine  comes  in  with  something  wrong,  it  takes  them  a  long  time  to  find  out  what 
it  is  and  to  make  it  right. 

The  President.  —  What  kind  of  compounds  were  these,  two  cylinders  or  four 
cylinders? 

Mr.  G.  K.  Joughins.  —  On  both  roads  we  had  the  same  style  of  compound  loco- 
motives —  known  as  the  Vauclain  compound. 

The  President.  —  We  should  be  glad  to  hear  from  Mr.  Mitchell. 

Mr.  A.  E.  Mitchell,  Lehigh  Valley  Railroad,  United  States.  —  My  first  experience 
with  the  compound  locomotive  was  about  fifteen  years  ago.  At  that  time  I  was  on  a 
r!»ad  where  we  only  had  a  few  miles  of  level  country.  W^e  experimented  with 
compound  locomotives  wilh  the  result  that  we  did  not  increase  the  number  beyond 
what  was  originally  purchased;  the  total  number  on  the  line  when  I  left  it  ten  years 
later  was  something  like  eighty.  In  the  West,  where  I  had  experience  on  roads  in 
level  countries,  over  the  prairies,  and  at  the  same  time  through  the  mountains,  we 
found  that  the  cross-compound  gave  us  very  good  results  in  the  level  country. 
Our  coal  was  expensive,  and  we  did  effect  quite  a  saving  in  fuel.  We  found, 
however,  that  the  expense  of  maintenanci^  of  the  compound  was  a  great  deal  more 
than  it  was  with  the  simple  engine.  W^e  found  further  that  we  could  obtain 
anywhere  from  10  to  20  per  cent  more  mileage  per  month  with  the  simple  engine 
than  we  could  with  the  compound,  and  when  we  figured  the  earnings  of  the  simple 
engines  per  month  as  compared  with  the  compound,  we  found  that  the  simple 
engine  was  earning  more  money  for  the  company  than  was  the  compound.  On  the 
mountainous  divisions  we  had  engines  known  as  "  tandem  "  compounds.  We  found 
it  impossible  on  these  engines  to  keep  tight  joints  between  the  high  and  low  press- 
ure cylinders.  The  steam  would  blow  from  the  high  pressure  into  the  low  press- 
ure after  the  engine  had  been  in  service  two  weeks,  causing  serious  loss  in  fuel 
as  well  as  delays.  We  experienced  very  great  difficulty  in  locating  the  blows  in  the 
cylinders,  but  finally  evolved  a  scheme  by  which  we  could  detect  every  blow,  and 
knew  what  to  do  to  find  and  repair  the  trouble. 

On  the  road  with  which  I  am  now  connected  we  have  a  mountain  in  the  middle 
of  the  district.  On  that  mountain  we  are  running  four  cylinder  compounds  known 
as  the  Vauclain  type.  These  engines  are  giving  fairly  good  service,  at  slow  speeds, 
but  we  do  not  find  that  they  save  any  money  over  the  simple  engine.     Our  coal  is 
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very  cheap,  and  the  increased  cost  of  repairs  more  Ihan  covers  any  saving  in  fuel. 
A  great  deal  of  our  traffic  is  in  fast  freight  trains  or  trains  that  average  from  15  to 
2o  miles  per  hour,  and  the  simple  engine  is  giving  us  the  best  and  most  economical 
service  In  the  West  we  found  great  difficulty  in  hiring  mechanics  who  under- 
stood the  compound  engine;  at  least  75  per  cent  of  the  mechanics  whom  we 
employed  had  not  had  much  experience  with  the  compound,  and  the  same  is  true 
on  all  roads  with  which  I  have  been  connected.  Any  mechanic  who  has  worked  in 
a  private  shop,  building  and  repairing  stationary  engines,  can  go  into  a  locomotive 
shop  and  do  efficient  work  repairing  a  simple  locomotive,  but  when  we  put  the 
mex^hanics  repairing  the  compound  features  of  the  locomotive,  they  are  not  compe- 
tent, and  the  result  is  that  the  compound  engine  is  usually  in  the  roundhouse- 
wailing  attention,  when  it  ought  to  be  out  on  the  road  pulling  freight. 

The  President.  —  We  should  be  glad  to  hear  from  Mr.  H.  H.  Vaughan  of  the 
Canadian  Pacific  Railway. 

Mr.  H.  H.  Vaughan,  Canadian  Pacific  Railway.  —  On  the  Canadian  Pacific 
Railway  we  have  quite  a  large  number  of  two  cylinder  compounds,  and  our  exper- 
ience has  been  almost  identical  with  that  of  Mr.  Joughins.  On  a  level  road  where 
the  compound  is  used,  and  a  fair  amount  of  tractive  power  continually  needed,  we 
can  obtain  a  satisfactory  saving.  On  a  continuous  grade,  where  we  should  work  the 
simple  engine  at  long  cut-ofl*,  we  can  also  get  a  saving  with  the  compound ;  but  on  an 
undulating  division,  I  do  not  think  we  gel  any  particular  saving  from  a  two  cylinder 
compound,  and  therefore  I  do  not  consider  it  would  be  advisable  to  continue  their 
use  there,  as  it  costs  slightly  more  to  maintain  them.  We  have,  however,  used  in 
the  last  year  a  large  number  of  the  latest  type  of  compounds  that  have  so  far  proved 
themselves  to  be  one  of  the  cheapest  engines  to  maintain  in  our  service,  and  while 
I  do  not  in  many  ways  agree  with  the  reporter  that  the  designs  have  not  been  properly 
prepared  on  a  lot  of  recent  engines,  at  the  same  lime  there  has  been  a  great  deal  to 
learn  about  the  compounds.  We  have,  for  instance,  had  considerable  trouble  with 
certain  makes  of  intercepting  valves,  and  owing  to  the  men  not  being  acquainted 
with  the  different  mechanisms,  they  have  caused  an  amount  of  annoyance  and  delay 
altogether  greater  than  they  should  have  done,  in  consideration  of  the  amount  of 
work  involved  in  repairing  the  parts. 

There  has  existed  with  us  and  I  do  not  think  we  are  alone,  a  practice  of  putting  an 
engine  on  the  road  which  the  men  are  not  familiar  with,  and  leaving  it  to  them  to 
get  familiar  with  it,  when  a  thorough  and  more  careful  course  of  instruction  in  the 
apparatus  would  have  avoided  a  great  deal  of  the  trouble.  We  have  four  or  five  types 
of  compound  engines,  and  it  takes  a  fairly  good  mechanic  to  keep  in  his  mind  all 
their  particularities,  especially  as  they  are  liable  to  be  called  in  for  repairs  with 
various  reports  from  engineers,  some  accurate  and  some  inaccurate. 

I  cannot  help  feeling,  in  view  of  our  latest  experience,  that  we  need  not  look  for 
any  very  great  additional  expense  in  the  maintenance  of  two  cylinder  compounds. 
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Of  course,  we  are  so  situated  that  we  are  unable  to  use  what  would  now  be  called 
very  heavy  power,  and  therefore  the  two  cylinder  compound  has  been  able  to  fulfil 
our  requirements.  Were  we  in  the  position  of  some  of  the  roads  using  very  large 
engines,  where  we  could  not  use  two  cylinder  compounds,  I  think  we  would  consider 
the  matter  very  carefully  before  going  into  any  of  the  four  cylinder  types. 

1  do  not  know  if  I  should  be  opening  up  a-new  subject,  Mr.  President,  but  in  view 
of  the  fact  that  this  discussion  relates  to  compounding,  I  think  it  is  interesting 
to  state  that  in  the  last  year  we  have,  as  the  result  of  various  tests,  abandoned  com 
pounds  experimentally  in  favour  of  superheating.  We  had  two  compound  super 
heaters  in  service  for  quite  a  long  time,  and  while  our  coal  records  were  lai^ely 
taken  from  the  actual  result  of  the  service  and  not  from  any  special  test,  our  con- 
clusions were  that  the  .compound  superheater  did  not  show  any  considerable  gains 
over  the  simple  superheater,  and  in  view  of  certain  advantages  of  the  simple  engine, 
we  decided  to  build  a  fairly  large  number  of  simple  superheaters  in  order  to  have 
sufficient  of  them  in  service  to  allow  us  to  feel  that  they  were  not  being  favoured  or 
condemned.  When  we  had  one  engine  of  each  type,  we  generally  had  a  pretty  good 
man  assigned  to  it,  and  if  the  engine  happened  to  be  liked  by  the  men,  they  would 
get  a  little  more  attached  to  it  than  to  any  of  the  other  engines,  and  the  reports  are 
not  impartial.  We  have  now  had  forty,  of  these  engines  in  use  for  six  or  seven 
months.  They  went  through  last  winter,  and  from  our  coal  record  so  far  I  think  it 
would  be  safe  to  say  they  are  showing,  in  view  of  the  conditions  under  which  they 
are  working,  a  consumption  of  about  10  per  cent  less  coal  than  the  compound 
engine.  In  every  other  respect,  they  have  been  just  as  easy  to  operate,  and  they 
give  us  the  same  good  service  we  have  had  with  the  simple  engine.  We  are  now 
going  into  it  more  extensively,  and  at  the  end  of  the  next  few  months  we  shall 
have  about  one  hundred  and  ten  engines  in  service,  and  in  the  course  of  a  few 
years  shall  be  able  to  tell  pretty  well  what  we  shall  get  out  of  superheaters  in  place 
of  compounds. 

I  feel  that  outside  of  all  other  conditions,  there  is  an  advantage  if  economical 
results  can  be  obtained  in  using  the  simple  engine.  The  simple  engine  has  an 
advantage  from  a  traffic  standpoint.  It  cannot  be  overloaded  in  the  way  a  compound 
engine  can.  In  order  that  a  compound  engine  may  dcvelope  sufficient  power  when 
compounded,  it  is  necessary  to  have  a  high  pressure  cylinder  a  little  larger  than 
the  simple  cylinder  that  would  be  used  on  an  engine  of  the  same  size.  That  gives 
the  engineer  an  opportunity  to  simplify  that  engine,  and  in  spite  of  every  consider- 
ation, as  long  as  you  can  by  simplifying  the  engine  and  working  her  on  sand  get  her 
over  the  grade,  the  men  will  not  cut  their  trains  and  double,  and  the  engine  is 
abused  in  a  way  the  simple  engines  is  not  abused,  because  it  will  stop  when 
overloaded.  It  has  a  limit.  I  think  the  trouble  with  the  compound  is  partly 
due  to  its  great  capacity  to  struggle  along  and  handle  loads  it  should  not  be 
asked  to  take,  and  for  that  reason,  I  think  we  should  get  better  service  from  the 
simple  engine,  if  by  superheating,  we  can  get  a  satisfactory  coal  economy.    From 
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our  experience  so  far,  I  do  not  think  we  could  get  sufRcient  economy  out  of  c(»m- 
poundiiig  the  superheaters  to  pay  for  the  additional  trouble  and  cost. 

The  President.  (In  French.)  —  I  should  like  to  consult  the  meeting  as  to  whether 
we  should  continue  the  sitting.  We  have  been  sitting  for  three  hours  and  it  is 
now  18.30.  Will  those  who  are  in  favour  of  adjourning  kindly  hold  up  their 
hands.  (Carried  unanimously,) 

—  The  meeting  adjourned  at  12.30. 


Meeting  held  on  May  6,  1905  (morning). 


The  President.  (In  French.)  —  I  will  now  ask  our  principal  secretary  to  be  good 
enough  to  read  the  last  conclusions  of  Mr.  Muhlfeld's  report. 

Mr.  Boell,  principal  secretary  (In  French)  : 

"  6^  The  mechanical  department  supervision  has  often  been  curtailed  when 
expansion  of  organization  and  direct  mechanical  control  should  have  been  given  to 
insure  the  desired  performance.  Changes  in  organization  and  methods  have  fre- 
quently been  effected  in  preference  to  conservative  management,  with  instruction, 
education  and  substantial  recognition  for  the  deserving  rank  and  file. 

"  7*  The  locomotive  maintenance  and  dispatchment  facilities  have  not  always  been 
developed  to  meet  the  proportionate  increase  in  the  locomotive  dimensions,  capacity 
and  requirements,  while  slow  line  movement  has  made  it  necessary  to  increase 
average  mileage  by  reducing  terminal  mechanical  delay,  during  a  period  when  more 
opportunity  for  maintenance  and  handling  has  been  essential. 

**  8«  The  tonnage  hauleil  per  train  has  frequently  precluded  the  making  of  an 
average  speed  between  initial  and  destination  terminals  that  would  be  productive  of 
efficiency  and  economy  in  locomotive  operation. 

"  9^  Decreased  efficiency  has  resulted  from  the  irregular  transferring  and  crewing 
of  locomotives  for  long  runs.  The  regular  assignment  of  crews  to  locomotives  and 
of  suitable  locomotives  to  shorter  runs  on  regular  districts,  should  accomplish  the 
best  results. 

**  10^  Provision  for  the  cleanliness  and  care  of  employees  and  equipment  on  the 
line  and  at  terminals,  should  receive  more  considjeration. 

"11®  Personal  supervision  and  investigation  should  govern  in  the  construction 
and  operation  of  locomotives  of  great  power,  whilst  statistical  information  and 
correspondence  should  be  limited  and  used  with  caution.  " 

Mr.  A.  Bnohaiiaii,  J%  Central  Vermont  Railway,  United  States.  —  Mr.  President, 
1  am  not  prepared  to  speak  on  conclusion  O"",  but  I  would  like  to  say  something  with 
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respect  to  the  discussion  held  yesterday,  if  I  may  have  permission.  I  would  say 
that  the  road  with  which  1  am  connected  has  gone  into  the  two-cylinder  compound 
engine  for  freight  service  quite  thoroughly,  after  quite  a  long  observation,  and  we 
have  practically  come  to  the  conclusion,  on  account  of  the  prohibitive  price  of  fuel  in 
the  territory  where  we  arc  located,  that  the  two  cylinder  compound  has  best  met  our 
requirements  on  account  of  fuel  economy.  We  have  found  on  our  line  that  we  have 
an  economy  in  fuel  of  probably  10  per  cent,  which  is  considerable  to  us  when 
coal  is  at  3*50  dollars  per  ton.  We  have  also  found  that  the  cost  of  repairs  on  the 
compound  engine  increases  probably  about  */2  cent  per  mile,  and  this  increase  is 
almost  entirely  taken  up  with  the  compound  features,  the  intercepting  valves,  etc. 
We  have  also  found  that  it  is  a  difficult  matter  to  get  mechanics  to  understand  the 
compound  features  and  to  handle  the  same  at  the  roundhouses,  terminals,  etc.,  j^nd 
the  best  results  have  been  obtained  by  taking  special  men  and  breaking  them  in  for 
that  purpose;  in  other  words,  making  specialists  out  of  them.  We  have  found  it 
impossible  to  hire  men  to  do  that  work  without  a  special  preparation,  w^hich  we  are 
able  to  give  them.  We  have  also  found  that  Transportation  Departments  generally 
will  give  the  maximum  train  load,  so  the  engineers  will  not  use  the  proper  care  on 
grades.  They  work  engines  in  simple  position  too  much.  In  other  words,  the 
engine  shoul  1  be  worked  simple  only  when  starting  trains.  We  have  one  grade 
which  we  have  to  watch  very  carefully,  for  if  not,  the  engine  will  be  worked  in 
simple  position  over  the  entire  grade.  I  have  been  led  to  believe  that  the  increase 
in  repairs  has  been  caused  on  account  of  the  careless  handling  of  the  engineers  when 
working  the  engines  simple.  We  also  find  that  the  engineers  do  not  report  the 
work  on  compound  engines  in  an  intelligent  manner.  They  themselves  do  not 
understand  it  and  cannot  locate  the  defects  that  exist,  and  we  have  to  depend  to  a 
large  extent  on  the  roundhouse  staff  to  locate  them,  which  of  course  makes  consi- 
derable expense  on  account  of  their  not  being  able  to  locate  the  defects  properly  at 
the  beginning.  This  will  of  course  be  obviated  as  men  become  accustomed  to 
compound  feature.  However,  for  our  purpose,  and  for  the  purposes  of  the  Grand 
Trunk  Railway  Company,  which  is  the  parent  company  of  the  Central  Vermont 
Railway,  the  Mellin  two-cylinder  compound  engine  has  met  our  expectations.  The 
Grand  Trunk  road  has  in  service  something  between  eighty  and  hundred  compound 
mogul  engines,  and  it  has  been  made  their  standard  engine.  We  have  some  con- 
solidation compounds  of  quite  large  power,  weighing  about  170,000  pounds  on 
drivers,  with  cylinders  twenty-two  and  a  half  by  thirty- two  and  thirty-five  by  thirty- 
two,  and  they  have  met  our  requirements  for  freight  service,  both  manifest  and  dead 
freight  in  every  particular.  If  we  were  able  to  get  fuel  for  less  than  1  dollar  per 
ton,  it  is  a  question  whether  we  would  go  into  compounds.  It  is  the  prohibitive 
price  of  coal  that  has  compelled  us  to  go  into  compounds. 

Mr.  F.  H.  Clark,  Chicago,  Burlington  &  Quincy  Railway.  —  Mr.  Chairman,  the 
subject  has  been  handled  by  Mr.  Muhlfeld  in  a  very  comprehensive  manner,  has 
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included  pretty  nearly  all  the  locomotive  questions  that  we  are  called  upon  to 
consider;  and  the  discussion  has  been  very  complete.  With  reference  to  conclu- 
sion 7**,  I  desire  to  say  that  I  agree  thoroughly  with  Mr.  Muhlfeld  that  ihe  question 
of  shop  and  roundhouse  facilities  has  not  kept  pace  with  the  increase  in  the  size  of 
power.  We  are  constantly  finding  that  our  shop-tools,  some  of  which  were  bought 
within  recent  years  and  supposed  to  be  large  enough  and  heavy  enough  to  meet  our 
requirements  for  a  considerable  time  to  come,  have  become  practically  obsolete,  and 
too  light  and  small  to  properly  handle  the  heavy  equipment  that  we  are  now  oper- 
ating. This  is  also  true  of  roundhouses  and  roundhouse  facilities.  The  increase 
in  weight  and  size  of  equipment  is  making  a  good  many  changes  and  improvements 
necessary.  As  to  conclusion  8^,  we  find,  as  Mr.  Muhlfeld  expresses  it,  that  the 
tonnage  hauled  has  at  times  made  it  difficult  to  get  over  the  road  in  a  reasonable 
length  of  time,  but  we  are  gradually  working  our  way  out  of  that.  We  are  finding 
what  can  properly  be  expected  of  our  engines,  and  we  are  getting  better  accustomed 
to  the  use  of  heavier  power  and  better  able  to  handle  the  maximum  tonnage,  which 
when  we  first  got  this  heavy  power  we  could  not  or  did  not  handle  satisfactorily. 
Referring  to  conclusion  H*',  we  find  that  a  good  deal  of  attention  to  the  details  and 
to  the  construction  of  locomotives  is  necessary,  as  well  as  to  the  matter  of  operation 
in  order  to  get  satisfactory  service  from  them.  The  engines  we  are  now  building  are 
large  and  expensive,  and  we  feel  that  it  is  necessary  they  should  be  kept  in  first  class 
condition  to  properly  handle  the  business,  and  that  the  engines  should  be  turned 
with  as  little  delay  as  possible  in  busy  times.  I  am  inclined  to  feel  that  statistics 
carefully  and  properly  kept  are  of  more  value  than  Mr.  Muhlfeld  would  indicate. 
It  is  a  fact  of  course  that  statistics  of  locomotive  operation  have  to  be  handled  judi- 
cially and  carefully,  but  if  given  proper  attention,  they  are  of  very  great  value  in 
helping  us  to  operate  our  locomotives  and  to  determine  what  changes  may  be 
desirable  in  the  methods  of  operation  or  the  construction  and  design  of  locomotives. 

Mr.  A.  Lovell,  Atchison,  Topeka  &  Santa  Fe  Railway,  United  States.  —  Mr.  Pre- 
sident, I  would  like  to  make  a  few  remarks  on  the  American  paper  before  the  other 
papers  come  up.  Being  connected  with  the  railroad  which  perhaps  has  more  loco- 
motives of  great  power  and  possibly  more  compound  locomotives  in  its  heavy  classes 
of  traffic  than  any  other  railroad  in  the  United  States,  I  would  like  to  make  a  few- 
remarks  in  relation  to  results  that  have  been  obtained  on  that  system.  My  personal 
experience  with  compound  locomotives  and  heavy  locomotives  covers  a  period  of 
about  ten  years,  in  which  I  have  had  experience  and  made  observations  with  the  two 
cylinder  cross-over  compound,  the  four  cylinder  Vauclain  compound,  the  four  cylin- 
der tandem  compound  of  both  the  American  Locomotive  Company's  output  and  of 
the  Baldwin  Locomotive  Company's  manufacture.  In  all  of  these  different  types  of 
locomotives,  I  have  made  a  number  of  extensive  investigations  covering  actual  service, 
and  I  have  never  yet  in  any  kind  of  service  or  any  division  with  any  of  these  different 
types  of  locomotives,  found  a  case  covering  any  extended  period  of  time,  in  which  the 
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compound  locomotive  did  not  show  a  decided  economy  in  fuel  as  compared  with  the 
simple  locomotive.  The  two  cylinder  compound  is  a  very  desirable  type  of  engine 
for  moderate  sized  power,  inasmuch  as  it  has  less  number  of  parts.  There  is,  how- 
ever, one  feature  which  has  been  brought  out  in  this  discussion,  viz.,  that  the  inter- 
cepting valve  requires  some  attention,  and  requires  the  shop  forces  and  the  engineers 
to  be  well  educated  in  the  care  and  maintenance  of  the  intercepting  valve,  to  keep 
these  engines  in  the  same  condition  as  a  simple  engine.  Otherwise  from  the  inter- 
cepting valve  I  fail  to  see  any  feature  about  a  two  cylinder  compound  engine  that  is 
any  more  difficult  to  maintain  in  its  service  than  a  simple  engine.  When  I  became 
connected  with  the  Santa  Fe  system,  which  is  nearly  three  years  ago,  they  had 
recently  secured  about  440  Vauclain  compound  locomotives  for  both  passenger  and 
freight  service.  These  were  of  heavy  type,  probably  as  heavy  as  any  locomotives 
used  in  passenger  service,  if  not  heavier  than  had  been  previously  built.  The  only 
difference  between  the  freight  engines  and  the  passenger  engines  was  in  the  size  of 
the  driving  wheels.  These  engines  being  very  much  heavier  than  any  that  had  been 
previously  used  on  the  territory  where  these  engines  were  put  in  service,  naturally 
created  a  feeling  of  objection  among  the  engineers  and  the  firemen,  who  thought 
that  they  would  be  more  difficult  to  handle.  When  conditions  like  these  exist, 
there  will  naturally  be  some  increased  cost  of  maintenance.  This,  however,  will 
wear  away  as  the  engine  crews  become  familiar  with  the  performance  of  the  heavy 
or  great  power  locomotive,  and  the  compound  feature.  After  we  had  had  these 
engines  in  service  for  something  over  a  year,  it  became  apparent  that  more  passenger 
engines  were  needed,  and  to  demonstrate  beyond  a  doubt  whether  or  not  we  were 
right  as  to  the  merits  of  the  compound  features,  we  secured  twenty-six  Pacific  type 
passenger  engines  —  though  a  part  of  them  were  of  similar  type  for  freight  —  with 
simple  cylinders.  They  were  the  same  type  of  engines  as  the  compound  type  which 
we  had  been  using,  with  the  exception  of  the  forward  trucks  and  the  cylinders, 
and  were  as  nearly  as  possible  of  the  same  weight.  A  few  of  these  engines  were 
secured  with  medium. sized  drivers  to  correspond  with  the  compound  engines 
in  freight  service,  and  the  majority  of  them  had  79-inch  drivers  to  compare  with 
the  compound  engines  in  passenger  service.  They  were  put  on  the  same  territory 
in  the  same  kind  of  service,  the  passenger  engines  hauling  passenger  trains  in  a 
pool  with  the  compound  engines  and  the  freight  engines  were  put  in  a  pool  with 
the  compound  freight  engines  of  the  same  general  character,  with  the  exceptions 
previously  noted.  An  accurate  record  was  kept  of  the  performance  for  a  year. 
The  record  is  still  going  on.  They  have  been  ip  service  now  about  a  year  and  a 
half,  although  the  passenger  engines  have  been  transferred  to  another  territory. 
The  results  demonstrated  without  a  doubt  that  the  compound  engines  were  the  most 
economical  in  fuel.  The  repairs  were  very  approximately  the  same  with  the  com- 
pound engines  as  with  the  simple  engines.  Something  over  a  year  ago  it  became 
necessary  on  the  Santa  Fe  system  to  get  additional  engines  for  freight  service  on  the 
mountain  territory  at  the  westerly  end  of  the  system.     There  had  previous  to  that 
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time  been  in  service  two  heavy  Decapods,  built  by  the  American  Locomotive  Com- 
pany, and  one  built  by  the  ^Baldwin  Locomotive  Works,  having  approximately 
231,000  pounds  weight  on  the  drivers.  These  engines  had  given  such  satisfactory 
service  with  one  or  two  exceptions,  that  it  was  decided  to  gel  engines  equally  as 
heavy  or  heavier,  if  possible,  but  to  add  a  trailing  wheel  in  order  that  the  engines 
might  back  down  the  grades  more  readily  when  used  as  helpers  on  mountain 
grades.  Eighty-six  of  those  engines  were  secured,  one  of  them  being  a  simple 
engine  and  the  balance  were  four  cylinder  tandem  compound.  The  simple  engine 
was  obtained  for  the  same  purpose  previously  mentioned  of  demonstrating  to  our 
satisfaction  whether  or  not  we  were  making  a  mistake  in  getting  compound  engines 
for  this  service.  I  might  add  that  about  half  of  these  heavy  engines  were  coal 
burners  in  a  coal  burning  territory,  in  New  Mexico,  and  the  balance  were  oil 
burners  in  an  oil  burning  territory  in  Arizona  and  California.  The  simple  engine 
was  an  oil  burner.  It  was  put  in  service  with  the  others  on  a  district  about 
150  miles  long,  and  in  which  the  grade  in  one  direction  was  almost  a  continuous 
uphill  pull  for  120  miles.  The  maximum  grade  was  9b  feet  per  mile.  It  was 
kept  in  that  service  for  two  or  three  months.  It  was  demonstrated  that  the  simple 
engine  could  not  handle  as  much  freight,  up  to  about  200  tons,  as  the  compound 
engines,  the  distance  between  the  water  tanks  not  permitting  the.  simple  engine  to 
take  so  much  train  without  running  for  water,  while  the  compound  engines  could 
make  the  run  with  full  tonnage  between  the  water  stations  without  any  difficulty. 
It  was  further  demonstrated  that  the  compound  engines  could  handle  more  ton- 
nage on  a  maximum  long  pull,  because  the  steam  pressure  could  be  more  efficiently 
maintained  than  with  the  simple  engine.  The  engine  was  transferred  to  another 
district  of  approximately  the  same  lenglh  in  Arizona,  in  which  the  maxiniimi  grade 
was  137  feet  to  the  mile,  the  engine  running  through  over  the  entire  district  but 
having  helpers  over  the  maximum  grade,  which  was  perhaps  during  the  length  of 
10  or  12  miles.  The  engine  was  here  also  kept  in  service  with  the  compounds  of 
the  same  type.  Our  engineer  of  tests  and  his  assistants  kept  records  of  the  perfor- 
mance, during  a  period  of  sixty  days  measuring  accurately  the  water  and  the  oil 
used.  In  addition,  an  accurate  record  of  the  performance  in  regular  service  was 
continued.  The  results  demonstrated  in  both  cases  that  there  was  an  economy  in 
the  fuel  consumption  of  between  20  and  25  per  cent  with  the  compound  engines 
as  compared  with  the  simple  engines.  As  to  repairs  in  this  particular  instance,  the 
simple  engine  was  very  much  in  excess  of  the  compounds,  and  was  in  the  shop  very 
much  more  than  the  average  of  the  compounds,  the  reason  for  this  being  that  in 
oil  burning  jservice,  the  steam  requirements  are  such  that  the  fuel  is  burned  very 
rapidly  and  the  action  on  the  fire-box  is  very  severe.  The  simple  engine  had  to  have 
its  fire  forced  harder  than  the  compound.  The  result  was  that  the  fire-box  deve- 
loped defects,  the  flues  leaked,  whereas  it  was  finally  necessary  to  take  the  door 
sheet  out  of  the  fire-box  and  renew  it  before  the  tests  were  completed.  It  is  of  course 
unfortunate  that  we  have  but  one  of  these  simple  engines,  as  it  may  be  said  that  the 
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extraordinary  repairs  were  an  accidental  occurrence.  Be  that  as  it  may,  it  is  cei  l.;in 
that  more  heat  must  be  developed  with  a  simple  engine  to  evaporate  more  water;  in 
order  to  get  more  steam  to  haul  equal  tonnage  with  the  compound.  This  must 
necessarily  be  harder  on  the  fire-box  and  the  flues,  which  is  one  of  the  greatest 
troubles  in  oil  burning  engines,  and  the  trouble  in  this  case  was  materially  aggrav- 
ated by  the  simple  cylinders.  With  regard  to  repairs  of  heavy  locomotives  and  com- 
pound locomotives  in  general,  the  statement  was  made  in  yesterday's  meeting  by  n 
number  of  speakers,  I  think,  that  the  repairs  on  a  compound  engine  were  so  much 
more  than  on  simple  engines  that  the  cost  counteracted  any  benefits  in  economy 
that  might  be  derived  by  compound  features.  My  experience  has  been  that  ordi- 
narily where  the  engines  are  of  equal  weight  and  in  the  same  kind  of  service,  there 
is  but  little  difference  in  the  repairs.  I  believe  that  any  additional  cost  of  repairs 
is  in  almost  every  case  due  t(»  the  large  and  heavy  type  of  engines  which  we  are 
securing  of  late  years  as  compared  with  the  lighter  engines  which  were  formerly 
used.  We  are  having,  without  question,  on  most  railroads,  and  particularly  on 
our  own,  an  increased  cost  of  repairs  per  engine.  Our  engines  are  very  much 
heavier  than  formerly.  When  the  repairs  are  compared  per  ton  and  mile  of  freight 
haul,  the  difference  is  not  so  great,  and  in  some  cases,  I  find  it  is  less  than  with  the 
lighter  and  simple  engine. 

I  think  Mr.  Deems  yesterday  questioned  the  desirability  of  going  into  the  Atlantic 
type  or  rather  balanced  compound  engines,  on  account  of  the  danger  of  breaking  the 
crank  axle.  He  seemed  to  think  that  this  feature  had  yet  to  be  demonstrated.  The 
Santa  Fe  system  secured  a  little  over  a  year  ago  four  Atlantic  typo  balanced 
compound  engines.  They  were  put  in  passenger  service  on  a  comparatively  level 
grade  division  for  nearly  a  year  and  rendered  exceedingly  economical  results. 
They  did,  however,  develop  a  good  deal  of  heating  on  the  cranks.  It  was  some  time 
before  it  was  discovered  what  the  trouble  was.  It  was  afterwards  found  that  the 
heating  was  caused  by  an  insufficient  lateral  clearance  in  the  brasses  of  the  cranks. 
When  this  was  relieved  there  vvas  no  further  trouble  and  the  engines  are  running 
to-day  as  cool  as  any  engines  we  have  on  the  system.  Before  the  cause  of  the  trouble 
was  discovered,  however,  1  think  three  of  the  crank  axles  developed  cracks,  which  in 
my  opinion  was  caused  by  the  heating  and  cooling  of  the  axles  and  for  the  reason 
previously  stated.  One  of  those  axles  was  renewed  by  a  new  one.  1  will  say  that 
these  axles  referred  to  were  solid  forgei  axles  made  in  Germany.  1  think  two  of 
the  other  axles  were  drilled  through  the  crank  pin,  and  a  pin  4  V2  inches  in  dia- 
meter of  the  toughest  iron  obtainable  was  forced  in.  Those  axles  are  still  run- 
ning. The  crack  has  not  extended  and  they  are  giving  good  service.  The  results  of 
those  four  engines  were  so  desirable  that  the  company  secured  later  fifty-three  more 
Atlantic  balanced  compounds,  and  have  recently  placed  an  order  for  fifteen  more  of 
the  same  type  and  also  thirty  Pacijic  type  balanced  compounds.  I  believe  that  the 
compound  engine  of  great  power  has  come  to  stay.  I  believe  that  a  few  years  hencxj 
anyone  who  builds  a  heavy  type  of  locomotive  with  simple  cylinders  will  be  looked 
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at  in  the  same  light  as  would  a  man  who  should  design  a  simple  engine  to  take  an 
Atlantic  liner  from  New  York  to  Liverpool.  {Applause.) 

The  President.  (In  French.)  —  1  will  now  ask  Mr.  Boeli  to  read  the  conclusions  of 
my  report  and  then  we  will  continue  the  discussion  on  the  whole  group  of  con- 
clusions. 

Mr.  BoeU,  principal  secretary,  —  The  following  are  these  conclusions  : 

a)  Wheel  loads,  —  An  important  point  in  considering  locomotives  of  great  power  is  the  wheel 
load  permissible.  Most  of  the  lines  of  any  importance  allow  at  least  7*5  English  tons;  frequently 
the  limit  is  8  5  to  9  tons.  It  is  10  English  tons  on  several  English  railways;  in  the  United 
States,  there  are  instances  where  higher  wheel  loads  are  admitted.  If  we  limit  ourselves  to  the 
continent,  wheel  loads  hardly  exceed  9  tons  (8'86  English  tons).  But  it  is  probable  that  the 
traflSc  of  trunk  lines  will  require  a  new  increase  in  the  power  of  locomotives  for  fast  trains,  so 
that  it  will  be  desirable  to  have  tracks  which  can  stand  wheel  loads  of  10  tons  (9*84  English 
tons).  However,  in  order  not  to  fatigue  the  rails  too  much,  it  might  be  specified  that  this  limit 
of  10  tons  (9*84  English  tons)  is  only  allowed  in  the  case  of  locomotives  constructed  so  as  to  keep 
within  sufficiently  narrow  limits,  at  the  highest  speeds,  the  variations  of  load  which  are  produced 
at  each  revolution  of  the  wheels. 

b)  Gauge  of  the  tracks.  —  The  power  of  locomotives  built  for  tracks  of  wider  gauge  than  the 
standard,  which  are  used  in  some  countries  (Spain,  Portugal,  Ireland,  Empire  of  India,  Russia) 
does  not  exceed  that  of  locomotives  running  on  standard  gauge  tracks.  In  order  to  benefit  by 
the  wider  gauge,  it  v^ould  be  necessary  for  the  track  to  stand  heavier  wheel  loads. 

c)  Diameter  of  dri-cmg  wheels  —  The  diameter  of  the  wheels  hardly  exceeds  2  metres  (6  ft. 
6  *U  hi.)  with  the  fastest  locomotives;  at  most  it  amounts  to  2*10  or  2*15  metres  (6  ft.  10  ^*/iy  in. 
or  7  ft.  Vs  in.).  Very  high  speed  locomotives  often  have  wheels  of  a  less  diameter  than  2  metres 
(6  ft.  6  3/^  in.).  This  results  in  more  th.n  three  hundred  revolutions  per  minute  (this  corres- 
ponds to  a  speed  of  113  kilometres  [70*2  miles]  per  hour  with  2  metre  [6  ft.  6  ^/^  in.]  wheels). 
It  would  be  desirable  not  to  exceed  this  limit,  in  order  not  to  have  too  much  wire-drawing  of 
steam;  but  the  disadvantages  of  large  wheels  are  too  great  nowadays.  There  would  be  an 
excessive  increase  in  the  weight  of  the  locomotives  and  in  the  weight  not  carried  on  springs,  and 
it  would  be  necessary,  as  in  the  old  locomotives,  to  reduce  the  diameter  of  the  boilers.  The 
disadvantages  of  great  angular  speeds  is  counteracted  by  giving  large  cross-sections  to  the  steam 
passages,  particularly  by  using  piston  valves. 

On  the  other  hand,  with  locomotives  having  six  or  eight  coupled  wheels,  very  small  diameters 
are  not  used;  the  diameter  is  hardly  ever  less  than  1  '40  metre  (4  ft.  7  ^/g  in.). 

d)  Material  vised,  —  The  tendency  is  to  use  metals  of  good  commercial  quality ;  the  use  of 
exceptional  qualities,  e,  g.,  of  nickel  steel,  is  very  exceptional  and  does  not  appear  to  be  extend- 
ing.    The  applications  of  steel  castings  are  becoming  more  and  more  numerous  and  varied. 

e)  Boilers.  —  In  the  case  of  boilers,  a  grate  area  of  3  square  metres  (32  29  square  feet),  with 
a  heating  surface  of  75  to  80  times  the  size,  is  obtained  by  the  usual  construction,  with  narrow 
fire-box.  It  appears  to  be  difficult  to  obtain  a  much  larger  grate  area  on  this  plan,  and  this  leads 
to  the  use  of  fire-boxes  extending  over  the  wheels.  The  large  diameter  wheels  of  the  high  speed 
locomotives  must  then  be  below  the  barrel  of  the  boiler ;  this  can  be  done  in  the  case  of  the 
Atlantic  type.  In  Europe,  several  applications  of  these  extended  fire-boxes  now  begin  to  be  seen, 
and  it  is  probable  they  will  multiply.     For  a  long  time,  hesitation  was  shown  in  placing  the  grate 
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above-  an  axle,  partioulacly  in  England;  now,  that  position  of  the  grate  is  geneirally  accepted. 
No  doubt  the  same  will  happen  with  regard  to  the  exteiision  of  the  fire-box  above  the  wheels. 

Very  high  pressures  (14  to  IG  kilograms  per  square  centimetre  [199  to  228  pounds  per  square 
inch])  are  used  at  present,  particularly  with  compounds.  They  necessarily  involve  an  increased 
coat  of  maintenance  of  the  boilers. 

Serve  ribbed  tubes  are  generally  used,  particularly  in  France ;  they  are  useful  by  making  it 
possible  to  have  a  larger  heating  surface  with  a  boiler  of  given  size.  The  tubes  must  be  cleaned 
out  frequently  and  with  care. 

f;  Compound  system,,  —  As  a  general  rule,  it  is  well  established  that  the  compound  system 
results  either  in  a  certain  economy  of  fuel  for  the  same  power,  or  more  frequently  in  an  increased 
power  for  the  same  fuel  consumption.  In  some  few  casesj  these  advantages  have  not  been 
realized ;  this  may  depend  on  the  particular  use  mad©  of  the  locomotives  or  to  some  defects  in 
the  application  of  the  system. 

The  use  of  four  separate  cylinders,  acting  by  twos  on  cranks  placed  at  180<*  to  each  other, 
makes  it  possibLe  to  obtain  greater  power  without  fatiguing  the  mechanism  too  much;  this 
arrangement  balances  the  reciprocating  masses,  without  producing  vertical  disturbances.  As 
far  as  possible,  the  cylinders  must  act  on  two  different  axles,  but  these  are  coupled  up. 

1l  is  advisable  that  each  system  should  have  a  valve  gear  of  its  own,  and  that  it  should  be 
p  >>sible  to  operate  independently  the  reversing  shafts  belonging  to  the  two  groups  of  cylinders, 
high  pressure  and  Low  pressure. 

gi  Valve  gear.  —  No  mechanism  has  succeeded  in  replacing  the  valve  gear  consisting  of  a 
slide  valve  and  link  motion^  The  link,  motions  most  generally  used  are  Stephenson's  and  Wal- 
schaerts'.  Valve  gear  without  eccentrics  has.  the  disadvantage  of  being  disturbed  by  vertical 
displacement  of  the  axles. 

The  only  modification  of  these  ancient  systems,  at  all  common,  is  the  replacement  of  fiat  slide 
valves  by  piston  valves,  which  reduce  friction,  and  consequently  wear,  and  make  it  possible  to 
arrange  larger  passages  for  the  steam.  On  the  other  hand,  a  piston  valve  may  leak ;  it  makes 
it  afbrjolutely  necessary  to  have  a  valve  for  admitting  air  to  the  valve  chest  for  running  with 
regulator  closed,  and  it  is  advisable  to  fit  relief  valves  on  the  cylinder  ends. 

h)  Motion.  — Tail  rods  are  to  be  recommended  as  soon  as  the  diameter  of  the  cylinders  attains 
or  exceeds  500  millimetres  (1  ft.  7  *Vsi  in.).     The  lubrication  of  the  slide  valves  and  pistons  is 
ensured  in  a  continuous  manner  by  lubricator  pumps  or  by  sight  feed  lubricators,  placed  under 
'  the- eyes  of  the  crew. 

i)  Power  of  locomotives,  —  With  the  present  limits  of  weight  admitted  on  the  main  European 
systems,  locomotives  can  be  built,  thanks  to  the  use  of  high  pressures  and  the  compound  system, 
giving  1,500  to  2,000  indicated  horse-power  (1,480  to  t,973  indicated  British  horsC'power). 

j)  Locomotives  for  high  speed  traitis.  —  For  heavily  loaded  high  speed  trains,  locomotives  of 
the  Atlantic  type  or  locomotives  with  six  large  coupled  wheels  are  used.  The  choice  between 
the  two  types  depends  on  the  nature  of  the  service,  on  the  profile  of  the  lines,  and  also  on  the 
maximum  wheel  load  allowed. 

k)  Locomotives  for  general  purposes,  — The  locomotive  with  six  coupled  wheels  and  bogie, 
the  wheels  having  a  diameter  of  1*5  to  18  metre  (4  ft.  11  in.  to  5  ft.  10  Vs  in-),  is  eminently 
suitable  for  a  passenger  train  service,  and  the  same  locomotive  can  also  haul  goods  trains  satis- 
factorily. 

I)  Locomotives  for  heavy  goods  trains.  —  For  heavy  goods  trains,  there  is  a  return  to  locomo- 
tives with  eight  coupled  wheels,,  by  preference  with  a  leading  pair  of  carrying  wheels.     These 
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locomotives  can  exBrcise  tractive  efforts  of  more  than  10,000  kilograms  (22,000  pounds);  they 
are  limited  bj  the  strength  of  the  couplings  used  in  Europe. 

m)  Tank  locomotives.  —  A  very  fair  amount  of  attention  is  being  paid  to  the  design  of  tank 
locomotives  with  six  or  seven  eight  coupled  wheels,  either  for  suburban  train. services,  where  very 
quick  starting  is  necessary,  or  for  very  long  distance  runs.  A  leading  pair  of  wheels  or  bogie  is 
ad»led  either  at  one  end,  or  at  both,  according  to  the  nature  of  the  service.  Having,  two  bogies, 
however,  results  in  having-very  long  and  very  heavy  locomotives. 

For  the  convenience  of  the  service,  these  locomotives  have  long  foot>-plates  for  the  crew,  and 
carry  large  quantities  of  water  and  particularly  of  fuel,  at  least  as  much  as  is  carried  in  the  small 
separate  tendeis  which  are  still  in  use. 

n)  Locomotives  with  flexible  toheelbase.  — The  only  type  of  powerful  locomotive  with  its  whole 
weight  adhesive  and  arranged  to  run  over  specially  sharp  curves,  which  is  largely  used,  is  the 
Mallet  type.  However,  most  railways  contsent  themselves  with  locomotives  of  the  ordinary  types, 
without  flexible  wheelbase. 

o)  General,  remarks  —  The  railway  industry  does  not  escape  a  law  to  which  nearly  all 
industries  are  subject,  owing  to  the  rapid  progress  made  in  engineering,  of  almost  continuously 
modifying  its  stock.  As  soon  as  new  locomotives  have  been  designed,  which  are  very  superior 
to  those  used  previously,  one  is  tempted  to  think  that  to  some  extent  finality  has  been  reached,  or 
at  least  that  during  a  sufficiently  long  period  it  will  be  possible  to  do  without  any  new  designs. 
It  appears  very  tempting  to  keep  for  a  long  time  to  standard  types,  which  are  cheaper  to  build 
and  easier  to  maintain;  but  progress,  which  does  not  stop,  hardly  allows  definite  types  to  be 
determined. 

Thus  on  European  railways,  we  find  locomotives  running  developing  1,500  and  even  more 
indicated  horse-power  (1,480  and  even  more  indicated  Britiah  horse  power) ;  but  the  continual 
iuerease  ia train  weights  and  train  speeds. makes  it  necessary  to  day  to  look  for  still  more  powerful 
locomotives,  if  not  for  actually  existing  needs,  then  at  least  for  the  needs  of  the  immediate  future. 

But  the  old  stock  need  not,  therefore,  be  given  up  entirely,  and  the  variety  of  existing  railway 
services  makes  it  possible  to  utilise  locomotives  well  which  are  already  of  older  date,  but  care 
must  be  taken  that  the  unavoidable  age  of  such  locomotives,  which  is  the  result  of  the  efflux  of 
time,  is  not  increased  by  an  artificial  age,  by  making  them  several  years  old  already  when 
building  them. 

Mr.  Moffite,  Midi  Railway  of  France.  (Ia  French.)  —  Gentlemen,  the  emineiH 
etigiiieers  who  spoke  yesterday  on  this  question  of  locomotives  of  great  power,  have 
explained  to  you  why  compound  enginies  have  met  with  little  success  in  America. 
It  is  acknowledged  that  these  engines  mean  a  saving  of  fuel  estimated  at  10  per  cent, 
which  i&  compensated  for  by  a  considerable  increase  in  expenditure  on  maintenance 
to  wbicfa  these  engines'  give  rise. 

IniFram^e  aad  in  some  neighboiuring  countries,  especially  in  Spaiaand  Portugal 
we  are  o£  a  totally  different  opinion,  so  much  so  that  almost  all  the  engines  built  of 
late  years  are  four  cylinder  compound  balanced.  We  fiml  a  saving  of  more  than 
id  per  cent  in  fuel,  aod  this  saving  is  nearer  the  25  pe»  cent  mentioned  by  the 
Santa  Fe  engineer. 

It  is  ratheff  difflcult  to  draw  any  accurate  comparisons,  because  it  is  very  seldom 
that  we  have  sin»ple  and  compound  locomotives  doing  precisely  the  same  kind  of 
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work.  But  on  the  Midi  of  France,  we  have  some  engines  fulfilling  these  conditions. 
We  have  converted  some  old  high  speed  locomotives  with  a  steam  pressure  of 
12  kilograms  (170  67  lb.  per  square  inch),  into  two  cylinder  compounds.  At  the 
end  of  a  year,  we  found  that  the  consumption  of  coal  had  fallen  about  20  per  cent. 
In  France,  where  we  are  not  lucky  enough  to  be  able  to  get  fuel  at  the  very  low 
price  that  is  prevalent  throughout  a  large  part  of  the  United  States,  we  cannot 
afford  to  ignore  so  large  a  saving.  Speaking  generally,  I  estimate  the  fuel  saved 
by  using  compound  engines  at  48  per  cent. 

But  this  is  not  the  only  question  arising  from  the  use  of  engines  of  great  power. 
In  France,  we  attach  much  importance  to  having  four  balanced  cylinders.  This 
arrangement  by  subdividing  the  strains  over  twice  as  many  parts,  by  making  it  pos- 
sible to  balance  so  to  speak  completely  the  reciprocating  parts,  has  made  it  easy  to 
build  locomotives  of  very  great  power  which  we  need,  not  only  for  fast  passenger 
trains  but  also  for  very  heavy  goods  trains.  We  have  been  able  to  build  these 
engines  without  using  excessively  heavy  parts  which  would  have  been  very  disad- 
vantageous for  running  at  high  speeds.  Accordingly  four  balanced  cylinders  have 
been  generally  adopted,  not  only  for  express  engines  of  the  Atlantic  type,  but  also 
for  engines  hauling  ordinary  trains.  These  engines  have  six  coupled  wheels  and 
goods  engines  of  the  Consolidation  type. 

As  regards  the  inconveniences  advanced  against  compound  engines  of  French 
pattern,  the  first,  and  the  one  which  appears  to  concern  you  most,  is  that  which 
arises  from  the  necessity  of  using  crank  axles. 

In  Europe,  this  question  is,  so  to  speak,  dead.  We  all  have  now-a-days  whole 
series  of  out  of  date  engines  whose  crank  axles  have  stood  mileages  exceeding 
600,000  kilometres  (373,000  miles).  On  the  Midi  Railway,  we  have  been  running 
for  the  last  eight  years  a  whole  series  of  twenty-four  engines  of  the  American 
pattern,  of  which  not  one  axle  has  yet  been  taken  out.  Ail  the  other  French  com- 
panies are  in  a  similar  position  in  this  respect  and,  mind  you,  I  am  now  speaking 
of  axles  made  of  ordinary  steel  years  ago.  Now-a-days  metallurgical  science  can 
provide  us  with  nickel-steel  or  superior  steel  from  which  we  should  hope  to  get 
much  longer  mileage.  Accordingly  I  am  convinced  that  no  American  engineer 
will  be  put  off  by  the  fear  which  now  seems  to  be  generated  by  crank  axles. 

As  regards  the  repairs  required  by  four  cylinder  engines,  a  distinction  must  be 
drawn  between  repairs  of  parts  and  boiler  repairs.  Obviously  the  fact  of  having  to 
maintain  a  larger  number  of  parts  seems  bound  to  increase  the  number  of  repairs 
in  the  working  parts;  this  in  fact  does  increase  them,  but  by  no  means  doubles 
them.  According  to  our  experience  the  increase  is  about  40  per  cent.  On  moun- 
tainous railways,  where  simple  expansion  engines  suffer  severely  we  have  even 
found  that  compound  engines  cost  less  to  maintain  despite  the  increased  number 
of  parts. 

Boilers  and  steam  appliances  likewise  involve  an  increase  in  maintenance 
expenses.    This  increase  is  due  not  so  much  to  the  compound  system,  but  to  the 
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fact  that  the  steam  pressure  is  15  or  16  kilograms  per  square  centimetre  (213  or 
227-5  lb.  per  square  inch),  whereas  it  was  only  12  kilograms  (170*67  lb.)  before. 
Increase  in  cost  of  maintenance  is  not,  however,  considerable,  and  I  hope  we  shall 
succeed  in  avoiding  the  extra  expense  either  by  using  more  suitable  shapes  of 
boilers,  or  by  altering  the  shape  or  substance  of  the  stays.  In  any  case,  we  have  no 
reason  to  regret  adopting  the  compound  system.  Increased  cost  of  maintenance  is 
far  from  counterbalancing  the  saving  realized  on  fuel. 

The  use  of  four  cylinders  has  given  us  advantages  which  we  consider  of  prime 
importance,  so  much  so,  that  if  the  compound  system  were  now  to  be  given  up  and 
replaced  either  by  super-heating  or  by  returning  to  the  simple  expansion  engine, 
I  am  convinced  that  almost  all  French  engineers  would  continue,  despite  every- 
thing, to  use  four  cylinders. 

Mr.  W.  Mcintosh.  —  Mr.  President,  some  ten  years  or  more  ago  that  eminent 
engineer  of  world  wide  fame,  Mr.  M.  N.  Forney,  remarked  before  the  Master  Mecha- 
nics Convention  that  point  for  point  and  dollar  for  dollar  he  would  build  a  simple 
engine  that  would  render  as  efficient  service  as  the  compound  engines  that  was 
then  the  prevailing  type  in  this  country.  I  believe  the  results  for  the  past  ten  years 
have  verified  Mr.  Forney's  claim.  This  does  not  necessarily  condemn  the  compound 
form  which  has  been  so  successfully  applied  in  stationary  and  marine  practice,  and 
in  some  isolated  cases  in  railroad  service.  This  is  an  age  of  improvement  and  the 
world  moves  on,  and  because  the  earlier  types  of  compound  failed  to  meet  the 
expectations,  there  is  no  reason  to  condemn  the  principle  entirely,  and  we  look 
forward  to  improvements.  It  is  evident  from  what  a  number  of  the  gentlemen  have 
given  as  their  experience,  that  improvements  are  already  developing.  There  is, 
however,  some  limitation  to  the  successful  application  of  the  compound  principle 
on  locomotives.  You  are  limited  by  both  space  and  weight.  With  reference  to  the 
simple  engine,  I  have  no  fear  of  being  nailed  to  the  cross  and  placed  in  the  back 
ranks,  as  our  eminent  friend,  Mr.  Lovell  suggests,  if  I  do  not  take  up  the  compound 
principle,  because  I  believe  that  by  making  the  most  of  the  simple  engine,.giving  it 
good  care  or  in  the  first  place  developing  it  well  and  then  caring  for  it  properly,  it 
will  render  efficient  service  for  a  number  of  years  to  come. 

Mr.  Karl  Steinbiss,  German  Government.  (In  German  and  in  English.)  —  Mr.  Pre- 
sident and  gentlemen,  I  should  like  to  give  you  a  short  report  about  the  experience 
we  had  with  compound  locomotives  in  German  countries.  For  twenty  years, 
compound  engines  have  been  designed  and  constructed  in  Germany  of  different 
kinds  and  systems.  In  the  beginning  there  were  some  difficulties,  but  those  diffi- 
culties were  overcome  by  improvements  in  design  of  locomotives,  especially  as  to 
the  starting  parts,  by  special  information  and  instruction  given  to  the  engineers,  and 
by  good  methods  in  the  shops.  For  fifteen  years,  compound  engines  have  been  used 
more  and  more  in  Germany.  More  than  five  thousand  of  them  are  now  in  use  with 
full  success  in  passenger  service  at  low  and  high  speed  and  in  freight  train  service 
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with  light  and  leavy  loads,  with  two,  three  amd  four  cyiraders,  balamced  or  other- 
wise, without  any  trouble.  The  repairs  are  usually  not  much  more  than  with  simple 
engines,  especially  since  we  have  chaniired  the  starling  parts.  They  are  about  iO  per 
cent  more.  I  might  say  that  the  performance  of  thescengines  h6ih  in  passenger 
and  freight  train  seryice,  over  ail  kinds  of  tracks,  level  and;grade,  has  been  quii-e 
satisfactory.  We  have  given  special  consideration  to  the  improvement  of  compound 
engines,  because  coals  are  much  more  expensive  in  Germany  than  in  the  Dnited 
States.  The  price  of  coaliin  Gcrmemry  averages  45  marks  a  ton  (15«.  3d.  per  En^ish 
ton).  We  also  use  superheated  stearm.  We  are  now  experimenting  with  locomo- 
tives on  that  system.  We  have  used  the  superheated  steam  system  of  Schmidt  and 
also  that  of  Garbe.  We  hope  to  get  by  this  improvement  an  application  of  super- 
heated steam  in  simple  engines  and  thereby  to  make  some  progress.  Saperheated 
steam  in  connection  with  the  piston  valves  and  agood  balance,  has.given  until  now 
very  good  results.  I  am  sorry  that  I  cannot  give  you  the  correct  figures,  but  I  ought 
to  mention  that  Mr.  Garbe,  one  of  the  experimenters  with  superheated  steam  loco- 
motives, will  publish  a  report  next  year  from  which  you  may  obtain  good  results. 
Of  course  we  cannot  approach  the  heavy  locomotives  of  America,  because  in  Ger- 
many we  are  strictly  limited  in  our  wheel  loads.  The  law  does  not  allow  us  to 
exceed  8  tons  per  wheel  and  in  special  cases  9  tons,  whereas  the  American  co'hs- 
tructors  may  employ  12  or  12  V2  tons,  and  I  have  seen -locomotives  of  this  kind 
working  with  success. 

Mr.  A.  W.  Gibbs.  —  Mr.  President,  I  have  had  some  opportunities  of  studying 
the  construction  of  the  four  cylinder  compound  engines  as  constructed  in  France 
from  the  designs  of  Mr.  du  Bousquet  and  Mr.  de  Glehn,  but  before  entering  into  a 
discussion  of  the  details  of  construction,  I  desire  to  call  the  attention  of  some  of  my 
American  colleagues  to  the  figures  in  Mr.  Sauvage's  report.  On  page  29  (^)  are  some 
figures  concerning  the  use  of  these  engines  on  the  Northern  Railway  of  France.  If 
you  will  look  at  the  total  weight  of  these  engines,  you  will  secf  that  as  we  consider 
engines,  they  are  very  light.  It  is  unfortunate  that  Mr.  Sauvage  did  not  give  with  his 
paper  the  profile  of  the  line  between  Paris  and  Calais,  but  in  brief,  it  starts  from 
Paris  for  about  i3  miles  with  grades  of  V2  P^r  cent  having  very  short  levels 
interspersed.  In  one  of  his  previous  papers,  were  given  some  complete  diagrams 
of  that  road,  and  on  this  stretch  of  7?  per  cent  there  was  a  maintained  speed  of 
about  52  miles  an  hour,  with  a  little  under  300  metric  tons  (295  English  tons^i. 
Now,  this  engine  weighs  about  140,000  pounds.  Have  we  any  engines  in  America 
of  that  weight  that  will  beat  that  performance?    I  very  much  doubt  it. 

I  obtained  permission  from  our  management  to  order  one  of  the  French  four 
cylinder  compounds,  which  was  ordered  after  communication  with  Mr.  de  Glehn. 
I  asked  that  the  engine  should  be  the  largest  of  which  the  design  .permitted,  but 
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Mr.  de  Glehn  was  not  able  to  g;ive  the  largest  locomotive  that  it  is  .pocsifele  to  con- 
struct on  this  design,  because  it  would  benecessary  to  workup  aiew  drawings,  which 
he  was  notthen  prepared  to  do.  If  you  will  notice  the  dinnensions  given  in  Mt.  Sal- 
vage's paper,  all  of  these  four  cylinder  compounds  have  cylinders  within  quite 
narrow  liroits.  You  will  see  that  the  cylinders  range  in  the  high  pressure  from  a 
little  over  1 8  inches  to  a  fraction  over  14  inches,  and  the  low  pressure  cylinders 
to  not  over  23^/8  inches,  the  limitation  ibeing  that  of  the  two  low  pressure 'C\*lpnders 
that  may  be  placed  between  the  frames.  Mr.  de  Glehn  explained  that  if  necessary 
he  wwild  place  the  low  pressure  cylinders  outside.  Now,  the  largest  engines 
mentioned  by  Mr.  Sauvage  are  low  pressure  cylinders  of  twentj'-three  fivereights, 
80  that  apparently  while  the  low  pressure  cylinders  are  maintained  between  the 
frames,  there  is  a  limit  to  the  cylinder  power  of  the  locomotive.  Now,  as  to  the 
construction  of  the  locomotive  itself.  This  locomotive  came  to  Anfnerica  and  was 
put  together.  I  think  it  would  be  worth  a  careful  Btudy-by  any  American  engineer. 
There  is  a  refinement,  in  cutting  down  the  ^weights  to  a  minimum.  The  detail 
construction  is  beautiful.  The  frame  construction  and  the  attachment  of  the  boiler 
to  the  frame  is  worth  the  attention  of  any  of  our  engineers.  The  valve  motion  in 
particular  is  a  beautiful  sample  of  light  work.  Mr.  Muhlfeld  has  alluded  to  the  evils 
of  the  heavy  valve  motion.  I  entirely  agree  with  Mr.  Muhlfeld  in  his  remarks  that 
one  of  the  greatest  evils  of  the  American  locomotive,  is  that  we  have  resorted  to  such 
excessive  weights  in  our  valve  motion.  If  you  contrast  our  heavy  construction  with 
the  lightness  of  construction  that  Mr.  de  Glehn  has  used,  I  do  not  think  that^irybody 
can  be  long  in  making  a  choice. 

As  for  the  steam  distribution  of  the  gear  used  in  France  as  compared  with  our 
own,  I  presume  that  there  is  no  great  difference;  but  between  a  valve  motion  which, 
from  its  construction,  will  not  wear  out  or  break  down,  and  one  that  from  its  own 
inertia  is  subject  to  both  excessive  wear  and  breakage,  there  is  little  choice.  Now, 
as  to  the  performance  of  the  locomotive  in  France  as  compared  with  the  locomotive 
in  this  country  :  ivhile  I  was  in  communication  with  Mr.  de  Glehn,  I  obtained  per- 
mission to  send  one  of  our  best  engineers  to  Prance.  Mr.  de  Glehn  and  Mr.  du 
Bousquet  gave  him  every  facility  for  seeing  the  performance.  The  man  when  he 
came  back  endorsed  the  statements  of  the  performance  of  these  engines  in  France, 
but  he  also  stated  that  they  had  a  class  of  intelligent  care  from  the  engineers  that 
we  seldom  give  to  our  own  engines.  Among  other  things,  he  brought  back  the 
system  of  premiums  paid.  In  brief,  the  wages  paid  were  not  large,  but  the  pre- 
miums paid  for  coal  saved,  for  time  made  up  and  I  think  for  oil  sailed  ;and  the 
penalties  for  excessive  consumption  and  the  penalties  for  loss  of  time  were  all 
included,  and  although  the  limits  on  which  the  coal  proniium  was  based  were 
narrow  ones,  the  men  seemed  to  be  making  considerable  total  wages,  largely  derived 
from  their  premiums.  Unfortunately  we  have  in  this  country,  so  far  as  I  know,  no 
system  of  combined  premiums  for  good  work  and  penalties  for  bad  work,  so  that 
with  us  when  a  man  sees  that  he  is  not^oing  to  get  any  premium,  there  is  no  reason 
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why  he  should  trj'  to  do  well.  The  de  Glehn  has  been  in  this  country  something 
over  a  year,  nearly  six  months  of  that  time  at  St.  Louis.  There  are  various  troubles 
that  we  have  had  that  are  partly  due  to  our  own  inexperience.  Among  the  troubles, 
we  have  had  much  with  the  copper  stays  breaking.  We  have  had  some  trouble 
from  the  heating  of  parts,  as  we  are  not  experienced  with  the  system  of  lubrication 
used  throughout  that  engine.  My  observation  has  be^n  that  the  accessibility  of  the 
boxes  for  lubrication  is  not  what  could  be  desired.  We  are  now  using  waste  in 
this  engine  and  I  understand  in  France  they  use  lubricating  pads.  We  have  not 
ventured  to  use  the  lubricating  pads,  because  we  had  a  little  unpleasant  experience 
with  them.  I  would  ask  some  of  the  French  engineers  to  express  an  opinion  as  to 
the  merits  of  lubricating  by  pad  as  compared  with  lubricating  by  waste.  I  would 
like  to  ask  some  of  the  French  engineers  to  express  an  opinion  as  to  the  merits  of 
the  different  kind  of  crank  axles,  that  is  to  say,  the  kind  with  circular  discs,  and  also 
the  type  of  crank  with  the  diagonal  bar,  and  furnished  to  various  locomotives, 
possibly  the  Saxon  locomotive,  and  possibly  the  locomotives  of  the  SocUti  alsa- 
cienne  de  constructions  mecanlques.  The  engine  has  a  remarkable  starting  quality. 
The  weight  on  the  drivers  is  very  low  for  us,  about  80,000  pounds,  and  it  is  notable 
that  the  engine  very  seldom  takes  any  slack  in  starting,  starting  both  as  a  simple 
engine  on  all  four  cylinders.  If  any  my  colleagues  come  to  Altoona  I  shall  be  very 
glad  to  afford  facility  for  an  examination. 

Mr.  Laurent.  (In  French.)  —  I  have  no  wish  to  prolong  this  discussion  about  the 
views  of  French  engineers  as  regards  four  cylinder  compounds,  seeing  that  my 
friend  Mr.  Moffre  has  just  expressed  so  clearly  what  is  the  universal  opinion  of  my 
countrymen. 

The  Northern,  Paris-Lyons-Mediterranean  and  Midi  Railways  have  used  com- 
pound locomotives  for  nearly  fifteen  years.  It  is  only  for  the  last  five  years  that  the 
Orleans  Company  has  owned  four  cylinder  locomotives.  It  was  the  last  company 
to  adopt  engines  of  this  type.  It  pronounces  itself  perfectly  satisfied  with  them,  it 
is  continuing  regularly  to  order  engines  on  that  system,  and  it  has  every  intention  of 
adhering  to  compounds  in  future  orders. 

Being  the  latest  comers,  we  naturally  have  the  latest  and  most  powerful  type.  The 
Atlantic  engine  supplied  by  the  Soci6te  alsacienne  to  the  Pennsylvania  Railroad  of 
which  Mr.  Gibb^  has  just  spoken,  was  built  to  the  design  supplied  by  the  Orleans 
Company. 

We  have  locomotives  of  the  same  type  with  similar  boilers  and  similar  cylinders 
but  with  ten  wheels;  we  have  moreover,  for  goods  traffic,  on  the  very  undulating 
lines  in  the  centre  of  France,  engines  of  the  Consolidation  type  but  with  the  same 
boilers  and  practically  the  same  cylinders. 

A  word  now  in  reply  to  the  demand  for  information  by  Mr.  Gibbs  who  has  just 
told  us  of  the  trouble  he  has  had  with  stays.  We  have  likewise  had  difficulties  of 
the  same  kind.     To  meet  them  we  have  replaced  the  copper  stays  in  the  upper  part 
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of  the  fire-box  with  stays  of  bronze  manganese  and  we  are  still  looking  for  some 
more  suitable  metal. 

I  may,  however,  say  that  the  troubles  in  the  matter  of  stays  are  not  inherent  in  the 
compound  system  nor  even  in  the  pattern  of  boiler,  for  we  have  had  similar  troubles 
with  an  engine  of  an  absolutely  different  pattern,  namely  an  American  engine. 

For  five  years  we  have  been  using  some  thirty  Baldwin  engines,  with  ten  wheels, 
which  we  ordered  so  as  to  study  closely  American  methods  of  building. 

This  investigation  has  induced  us  to  apply  on  our  own  engines  a  few  interesting 
details  which  have  given  us  complete  satisfaction. 

We  have  had  the  same  troubles  with  the  copper  stays  on  the  American  engines, 
as  with  our  other  high  pressure  engines.  We  regard  them  as  inherent  to  the  use  of 
high  pressures.     There  is,  however,  compensation  in  the  many  advantages. 

As  regards  hot  boxes,  Mr.  Gibbs  asked  a  question  which  I  am  happy  to  be  able  to 
answer,  thanks  to  experience  gained  on  the  Orleans  Company.  We  have  adopted  a 
system  of  lubrication  practically  identical  with  the  American,  and  we  use  the  same 
oils  as  those  supplied  to  the  American  railways.  In  our  boxes,  we  have  tried  to  adopt 
the  system  of  lubrication  with  cotton  waste  on  the  American  pattern.  In  order  to 
compare  the  consumption  of  oil  required  by  the  two  systems  of  lubrication,  we  have 
made  tests  on  a  fairly  large  number  of  locomotives. 

From  the  standpoint  of  consumption,  the  American  system  has  shown  no  advan- 
tage over  the  old  method  with  grease  pads.  We  have  had  several  cases  of  heating 
with  the  American  system,  and  we  have  decided  that  it  would  be  better  to  go  back  to 
the  old  method.  Since  we  have  given  up  the  American  system,  we  have  not  had  the 
slightest  trouble  either  with  the  driving  wheels  or  with  the  others. 

In  reply  to  Mr.  Gibbs,  I  may  say  then  that  for  our  engines  and  with  the  same  oils 
as  the  American,  we  distinctly  prefer  lubrication  with  pads  to  the  system  of  lubric- 
ating with  wicks. 

As  I  am  on  my  legs,  I  should  like  to  add  a  few  words  on  some  very  interesting 
remarks  to  which  we  have  been  listening. 

Yesterday  there  was  rather  a  long  discussion  as  to  the  future  use  of  a  mechanical 
stoker. 

In  our  latest  engines  with  310  metres  (10  ft.  2  in.)  of  fire-box,  we  seriously 
considered  the  question  of  stoking  and  at  the  same  time  the  likelihood  of  tlie  fireman 
becoming  exhausted.  We  attempted  to  settle  the  problem  by  utilising  the  grate 
area  properly.  Our  grate  bars  are  inclined  at  about  18°.  Experience  has  confirmed 
our  view  that  with  this  slope  in  stoking  the  fireman  had  only  to  take  the  coal  behind 
him  with  a  shovel  and  throw  it  to  the  back  of  the  fire-box.  The  fuel  them  spreads 
over  the  grate  without  any  difficulty. 

In  these  locomotives,  we  manage  to  consume  5o0  kilograms  of  coal  per  square 
metre  ( 112*6  lb.  per  square  foot)  of  grate  per  hour,  i.  ^.,  about  1-8  ton  per  hour 
without  any  difficulty  or  exhaustion  to  the  fireman  and  without  being  obliged  to 
select  firemen  specially  for  the  job. 
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A  second  point  that  strudv  me  in  the  expression  of  the  various  views  offered  here 
was  that  objections  were  raised  to  the  compound  on  the  ground  of  its  lack  of  elasti- 
city —  in  other  words,  that  these  engines  are  not  economical  when  the  weight  behind 
them  is  too  small. 

This  is  directly  opposed  to  the  extremely  accurate  tests  we  have  made  on  the 
Orleans  Company.  We  found  that  with  a  load  differing  by  80  per  cent  on  the  same 
train  the  consumption  of  fuel  per  unit  erf  work  did  not  vary  more  than  5  per  certt. 
So  then  these  engines  have  been  found  very  elastic  and  exceedingly  economical 
under  very  various  conditions  of  working. 

The  PBesidfflit.  (In  French.)  —  Fei'haps  Mr.  A«selin  of  the  French  Northern 
Railway  could  reply  to  Mr.  -Gibbs  on  the  subject  of  crank  axles. 

Mr./Asselin,  French  Northern  Railway.  (In  French.)  —  I  should  Like  first  to  say 
something  about  the  stays  of  compound  engines. 

On  the  Northern  of  France,  we  have  gone  still  further  than  the  Orleans  Company. 
We  have  replaced  every  one  of  our  copper  stays  by  bronze  manganese  stays,  even 
those  at  the  bottom  in  contact  with  the  fire.  It  is  true  that  the  heads  of  these  stays 
wear  out  more  quickly  in  contact  with  the  flame  than  copper  stays,  but  we  no  longer 
have  trouble  with  stays  breaking  on  the  road.  AVhen  we  lay  up  an  engine  for 
purposes  of  maintenance  we  take  out  every  stay  if  its  head  is  worn.  Consequently, 
we  never  need  lay  up  an  engine  that  is  at  work. 

As  regards  the  hot  boxes  of  which  Mr.  Gibbs  spoke,  we  did  at  the  outset  have  some 
difficulties  with  the  fifth  axle  when  we  introduced  the  Atluntic  engines  on  our  lines. 
But  these  difficulties  were  easily  overcome  as  soon  as  wc  made  it  possible  for  our 
drivers  to  oil  the  boxes  of  the  fifth  pair  of  wheels  more  carefully. 

One  of  the  great  advantages  we  have  derived  from  introducing  compound  engines, 
is  the  almost  entire  abolition  of  breakdowns  on  the  road  owing  to  the  mechanism 
failing.  The  four  cylinder  compound  acts,  as  it  were,  as  its  own  reserve.  If  the 
mechanism  of  the  L.  P.  cylinders  goes  wrong,  the  engine  can  be  run  with  the 
H.  P.  cylinders  alone  or  inversely  with  the  L.  P.  cylinders  alone  if  the  H.  P.  cylin- 
ders give  way. 

As  regards  the  replacement  of  the  driving  axles,  1  may  say  that  the  mileage  we  get 
out  of  them  on  the  Northern  of  France  is  perfectly  satisfactory.  The  two  patterns 
of  axles,  the  Worsdell  and  those  with  oblique  bodies,  are  used  by  us  and  both  have 
given  us  equal  satisfaction.  We  have  some  driving  axles  on  four  cylinder  com- 
pounds that  have  run  800,000  kilometres  (497,000  miles)  but  I  may  add  that  our 
crank  axles  are  made  of  gun  metal  tempered  in  oil. 

Mt.  E.  Dubois.  (In  French.)  —  We  have  tried  t?hree  different  kinds  of  crank  axles. 
There  has  been  nothing  much  to  choose  between  any  of  them.  In  'selecting  the 
pafttern  of  axle,  we  could,  therefore,  only  be  guided  by  the  cost  and,  in  the  end,  we 
ordered  parallel  crank  axles. 
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Mr.  Bowman  Hadoolm,  Rfidland  Railway,  Northern  Counties  Committee,  Ireland. 
—  Mr.  Chairman,  I  have  no  intention  of  entering  into  a  discussion  of  the  two  Tery 
interesting  papers  on  great  power  locomotives,  as  my  experience  has  been  princi- 
pally with  engines  of 'moderate  power,  but  as  the  question  seems  to  haTe  developed 
into  one  of  the  merits  and  demerits  of  the  compound,  and  as  no  one  from  the 
British  Isles  has  spoken  with  regard  to  compounds,  and  I  am  one  of  the  few  who 
have  adopted  them,  yau  will  perhaps  be  interested  to  hear  my  experience  in  Ireland, 
fifteen  years  ago,  I  was  instructed  to  build  four  engines,  two  cylinder  compound 
•engines,  lo'be  exact  duplicates  of  our  then  standard  passenger  engine.  That  is  to 
say,  dhe  engines  were  a  duplicate  in  every  particular  with  the  exception  of  the 
cylinders  and  valv^  motion,  and  with  the  exception  of  the  pressure  of  the  com- 
pomid,  which  was  to  be  170,  as  compared  with  150  of  the  simple.  We  mflde*\'ery 
careful  experiments.  These  engines  did  work  exactly  similar  to  the  simple  engines, 
and  we  kept  ^very  accurate  account  of  the  work  done,  the  cost  of  working,  the 
c^st  of  coal,  oil,  ^ores,  etc.,  and  the  cost  of  inaintenance.  After  going  on  for  a 
considerable  time  the  experiments  proved  so  highly  satisfactor}^  that  the  Northern 
Counties  Railway,  prior  to  its  amalgamation  with  the  Midland,  decided  to  have  that 
type  of  engine  extended,  and  since  that  time  they  have  had  no  other  type.  All  these 
engines  have  been  double-crewed  and  have  done 'the -work  and  have  effected  a  saving 
of  about  40  per  cent  in  coal,  which  is  a  very  important  matter  where  coal  is  expen- 
sive. Our  coal  runs  from  17  to  18  shillings  per  tan.  A  very  accurate  account  has 
been  kepi  during  fifteen  years  of  the  cost  of  repairs,  and  I  cannot  find  that  there  is 
any  additional  cost  in  maintaining  the  compounds  as  compared  with  the  simple 
engines.  It  is  difficult  to  see  why  there  should  be.  They  are  two  cylinder  engines, 
there  are  no  additional  parts,  and  there  is  no  reason  why  there  should  be  any  more 
frequent  failures  or  need  for  repairs  and  as  a  matter  of  fact  the  repairs  have  not 
cost  more. 

Several  of  the  speakers  yesterday  spoke  about  the  additional  cost  of  maintaining  a 
compound  engine,  many  of  them  attributing  that  cost  to  the  additional  complication, 
and  to  the  fact  that  the  mechanics  did  not  understand  the  compound  and  experienced 
difficulty  in  locating  the  source  of  the  trouble.  Well,  I  do  not  think  that  is  a  reason 
to  give  against  the  adoption  of  the  compound,  because  that  would  mean  that  no 
improvement  of  a  radical  nature  should  ever  be  adopted,  simply  because  the  men 
would  have  to  be  taught  their  business.  That  is  a  thing  that  time  will  cure.  Ano- 
ther gentleman,  Mr.  Deems  I  think,  stated  that  the  question  of  economy  in  coal 
was  practically  nothing  as  compared  with  the  importance  of  getting  your  trains  run 
on  time.  Of  course  all  locomotive  men  will  acknowledge  that  the  importance  of 
running  your  trains  on  time  is  great,  and  it  is  the  object  we  all  aim  at ;  nevertheless, 
if  you  can  economize  and  at  the  same  time  not  lose  efficiency,  surely  we  should  not 
lose  sight  of  the  question  of  economy. 

I  should  mention  perhaps  that  in  Ireland  the  gauge  is  ^va  foot  three,  whereas  in 
England  and  America  it  is  four  feet  eight  and  a  half,  and  the  result  is  that  in  Ireland 
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we  can  build  a  much  more  powerful  inside  cylinder  engine  than  it  is  possible  to 
build  in  England  or  America.  In  England,  if  we  want  to  build  a  bigger  two  cylinder 
engine,  which  requires  larger  cylinders,  they  cannot  be  got  between  the  frames  for 
want  of  room,  and  they  cannot  be  put  outside  for  want  of  clearance.  The  result  is 
that  if  more  powerful  compound  engines  are  to  be  adopted  in  England,  there  is  no 
alternative  but  to  go  to  the  three  or  four  cylinder  type.  My  own  opinion  is  that  the 
four  cylinder  balanced  type  is  the  type  of  the  future.  As  a  proof  of  the  economy  of 
the  engines,  I  may  state  the  compound  engines  frequently  —  daily  I  may  say  —  pass 
water  stations  at  which  the  simple  engines  have  to  stop,  although  the  tenders  are 
the  same  and  the  work  done  is  identical.  If  you  do  not  evaporate  the  water,  you  do 
not  burn  the  coal.     I  think  that  is  a  pretty  fair  proof. 

The  Midland  Company  at  Derby  have  lately  constructed  a  number  of  three  cylinder 
compounds,  having  one  high  pressure  cylinder  between  the  frames,  and  two  low 
pressure  one  at  each  side,  all  driving  on  the  same  axle.  These  engines  have  been 
worked  for  some  time,  and  I  believe  have  given  most  unbounded  satisfaction.  I  am 
not  in  a  position  to  give  you  any  figures  in  regard  to  them.  I  can  only  add  that  so 
far  as  my  experience  goes,  the  compound  principle  is,  as  some  gentleman  to  day 
said,  come  to  stay.     I  think  we  shall  all  arrive  at  that  conclusion  eventually. 

It  has  been  suggested  that  the  members  might  like  to  know  something  about  our 
roads.  The  road  is  not  what  you  would  call  a  heavy  road.  It  is  undulating.  We 
have  gradients  on  the  main  line  but  I  do  not  think  anything  worse  than  one  in 
ninety.  On  the  branches,  we  have  one  in  sixty-five,  and  on  our  narrow  gauge  we 
have  two  long  gradients  of  one  in  thirty-nine. 

Mr.  A.  Lovell.  —  Mr.  President,  I  desire  to  ask  for  a  little  information  in  regard 
to  crank  axles.  Probably  some  of  these  gentlemen  from  France  can  state  which  kind 
of  crank  axles  appear  to  give  the  most  desirable  service,  whether  it  be  the  solid 
forged  axle  or  whether  it  be  a  built  up  axle  with  the  crank  pin  pressed  in.  Of  the 
fifty-seven  Atlaritic  type  balanced  compounds  which  the  Santa  Fe  system  has,  there 
are  about  twenty-five,  I  think  with  built  up  axles,  with  the  crank  pins  pressed  in; 
but  with  the  engines,  none  of  these  axles,  with  the  exception  of  the  first  four  which 
have  been  in  service  something  over  two  years  (and  most  of  the  others  have  been  in 
service  over  a  year),  there  have  been  no  cracks  or  failures  whatever,  either  with  the 
solid  forged  axles,  or  the  built  up  axles,  and  I  desire  to  ascertain  whether  there  is 
any  preference  in  France  or  England  with  regard  to  that  feature. 

The  President.  (In  French.)  —  I  think  we  might  now  break  off  the  discussion. 
Obviously  it  might  last  longer  with  advantage,  but  we  ought  not  to  neglect  the  other 
subjects  propounded  for  our  investigation.  We  must,  therefore,  finish  the  subject  of 
locomotives  of  great  power  this  afternoon. 

I  must,  therefore,  ask  you  to  speak  this  afternoon  as  much  but  as  concisely  as 
possible,  and  about  this  there  should  be  no  difficulty,  considering  that  the  audience 
is  one  which  will  not  misunderstand  brevity. 
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We  must  therefore  terminate  the  discussion  this  afternoon. 
—  The  meeting  adjourned  at  12.30. 


Meeting  held  on  May  6,  1905  (afternoon). 


The  President.  (In  French.)  —  We  shall  now  resume  the  discussion  on  the  two 
reports  regarding  locomotives  of  high  power. 

Mr.  F.  G.  Wright.  —  Mr.  President  and  gentlemen,  it  may  interest  the  members 
present  if  I  give  you  a  short  history  of  our  experience  with  coumpound  locomotives. 
About  twenty  years  ago,  we  built  for  the  Great  Western  Railway  two  compound 
locomotives.  They  were  built  on  the  tandem  principle,  four  cylinders  compound. 
The  first  was  built  with  a  through  piston  rod  coupling  the  high  and  low  pressure 
pistons  together  with  an  intermediate  gland,  packed  from  the  outside.  They  had 
cylinders  15  inches  in  diameter  in  the  high  pressure  and  23  inches  in  the  low  pres- 
sure; in  one  case,  14  and  22,  in  the  other  21  inches  stroke,  180  pounds  pressure, 
four  wheels  coupled,  7  feet  in  diameter.  Another  engine  was  built  of  the  same 
dimensions  with  the  exception  that,  instead  of  having  a  through  piston  rod  coupling 
the  two  pistons  together,  we  had  a  central  piston  rod  for  the  high  pressure  cylinder 
and  two  pistons  rods  for  the  low  pressure  cylinder  passing  on  either  side  of  the  high 
pressure  cylinder,  so  as  to  get  rid  of  the  trouble  with  the  centre  gland.  These 
compounds  were  run  for  several  trips  and  were  constantly  in  trouble  due  to  the 
difficulty  of  getting  the  water  away  from  both  the  high  and  low  pressure  cylinders 
on  the  inside.  Mr.  Dean,  who  designed  the  engines,  made  no  provision  for  getting 
the  water  away,  with  the  result  that  almost  each  time  they  went  out  they  came  home 
with  broken  piston  heads.  To  save  the  expense  of  redesigning  the  cylinders,  the 
compounds  were  abandoned.  We  had  no  luck  with  them,  and  when  the  next  engines 
were  designed,  Mr.  Dean  went  back  to  the  simple  engine. 

About  two  years  ago  Mr.  Churchward,  who  is  now  our  chief,  having  heard  that 
the  de  Glehn  compound  was  the  finest  engine  built,  recommended  the  directors  to 
purchase  one,  so  that  we  could  see  what  the  de  Glehn  compound  could  do  as 
compared  with  the  simple  engine.  One  de  Glehn  compound  was  delivered  in  time 
for  the  summer  service  which  commenced  on  the  1*^  of  July  last,  and  the  compound 
engine,  which  you  all  know  about  without  my  going  into  any  details,  ran  the  first 
train  from  Paddington  to  Plymouth  without  a  stop,  a  distance  of  246  miles,  having 
made  the  run  without  a  stop,  and  this  engine  was  still  running  on  that  schedule 
when  I  left  home  on  the  23"*  of  April.  The  greatest  trouble  with  the  de  Glehn 
compound  has  been  with  the  boiler,  but  I  can  endorse  every  word  which  Mr.  Gibbs 
told  us  this  morning  in  regard  to  this  engine.    The  one  great  trouble,  however,  as 
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I  have  mentioned,  was  with  the  stays  of  the  boiler  of.  the  French  compound,  and 
I  venture  to  think  it  is  due  to  the  stays  being  too  small  in  diameter.  The  boiler  is 
pressed  to  227  pounds  to  the  square  inch,  and  the  copper  stays  are  only  ^/g  inch  in 
diameter.  For  the  same  pressure  boiler,  we  are  using  stays  1  inch  in  diameter  closer 
together  than  Ihey  are  on  the  de  Glehn  compound.  With  the  exception  of  taking 
the  boiler  oft  the  frames  to  renew  these  stays,  I  may  say  that  these  are  practically  the 
only  repairs  we  have  had  to  make.  We  have  had  a  hot  axle  on  the  bogie,  and  some 
little  trouble  with  the  piston  rings  of  the  high  pressure  cylinder,  but  they  were 
repairs  which  would  be  incidental  to  almost  any  class  of  engine. 

At  the  time  we  purchased  the  de  Glehn  compeund,  we  built  an  engine  ourselves 
—  I  will  not  say  to  compete  with  the  de  Glehn  because  we  had  no  intention  of 
doing  that  —  but  we  huUt  a  simple  engine  to  see  the  beat  results  we  could  get  with 
a  giv^n  arrangement  of  valve  gear.  This  engine  had  six  wheels  coupled,  6  ft.. 
8  in.  in  diameter  with  cylinders  18  inclies  in  dianieter  and  30  inch  stroke,  and 
taking  the  two  engines  together,  running,  precijsely  the  same  train,  with  the  boiler 
pressed  to  225  pounds  per  square  inch,  it  was  able  to.do  the  same  work  the  de  Glehn 
compound  did  and  in  fact  took  heaivier  loads,,  and  as  hix  as  the  coal  consumption  is 
concerned  there  is  little  to  choose  between  them,  because  running  with  a  high 
speed,  with  such,  a  full  stroke  as.  30  inches. and  being  fitted  with  pistoa  valves,  we 
are  able  to  get  an,  early  cut  off  and  lale.  exhaust  which  we  think  practically  compen- 
sates for  the  compounding  in  the  de  Glehn  engine.  L  have  had  the  pleasure  of  a  talk 
with  Mr.  Vauclain,  who,  as  you  all  know,  invented  a.  compound  engine,  and  he 
naturally  thinks  the  aiTangements  on  the  de  Glehn  compound  are  not  altogether 
necessary,  but  we  think,  and  I  believe  those  who  know  anything  of  the  engine  agree 
with  me,  that  the  great  advantage  of  the  de  Glehn  is  that  you  can  work  your  high 
pressure  cylinder  at  25  per  cent  cut  off,  and  if  necessary,  you  can  w^ork.your  low 
pressure  cylinder  ia  full  gear,  so  that  you  are  able  to  get  the  full  advantage  of  comr 
pounding.  I  believe  from  what  I  have  seen  —  and  1  have  ridden  on  tlie  engine 
myself  —  that  I  can  say  that  the  gy^eat  advantage  of  the  de  Glehn  compounAover  any 
other  system  1  am  aicquainled  with,  is  the  advantage  of  having  the  two  engines 
entirely  independent. 

I  am  sorry  Mr.  Whale  is  not  here  to  give  us  his  experience  on  the  North-Western, 
but  Mr.  Webb,  who  preceded  him,  had  his  compound  coupled  together  so  that  the 
high  pressure  or  low  pressure,  as  the  case  may  be,,  was  worked  with  the.  same  valve 
geiir,  so  that  if  the  high  pressure  was  arranged  to  cut  off  at  25  per  oenJL,  the  low 
pressure  was  arranged  to  cut  off  at  the  same  point.  Mr.  Whale  found  by  discon- 
necting the  valve  gear  and  having  separate  engines  he  got  better  results.  I  think  that 
w^  cannot  have  a. better  example  of  the  efficiency  of  the  compound  than  is  given  in 
this  ability  to  operate  the  engines  entirely  separately.  Another  great  advantage  of 
the  de  Gleha  is  that  you  have  a  balanced  compound ;.  you  have  your  high  pressure 
and  low  pressure,,  as  the  case  may  be,  coupled  to  the  crank  shaft  and  the  other  engine 
coupled  to  the  middle  pair  of  wheels,  which  does  away  with  the  heavy  balance 
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weiglil  and  there  is  no  doubt  it  is  the  finest  running  engine  I  have  ever  been  on. 

We  have  been  so  pleased  with  the  result  of  this  engine,  and  knowing  what  the 
practice  is  in  America  in  regard  to  these  powerful  locomotives  and  high  centered 
boilers,  that  we  have  ordered  two  more  engines  of  the  de  Glehn  compound  type  — 
the  largest  made  —  and  expect  these  two  engines  to  be-  delivered  some  time  next 
month  so  as  to  have  them  ready  for  the  summer  service  which  will  commence  again 
on  the  1^'  of  July.  I  think  the  run  from  London  to  Plymouth  without  stop  is  the 
longest  run  in  the  worltf.  I  had'  the  pleasure  of  riding  on  our  engine  n**  98  that 
loft  Paddington,  with  a  train  of  seven  eight  wheelers,  averaging  in  length  60  feet 
over  head  stocks.  I  timed  tho  train  and  we  passed  the  60  mi'le*  post  in  59'  minutes ; 
we  passed  Swindon  Tl  ^4  miles  from  London,  in  76  minutes.  The  first  time  we 
slowed  was  going  through  Bath,  where  there  is  a  sharp  curve.  Bath  is  106  miles 
from  London  and  we  passed  that  in  1^4  minutes.  We  then  continued  to  ran  on 
schedule  time  down  to  Exeter  where  we  had  to  slow  again.  The  engine  was  pressed 
to  260  pounds  per  square  inch  and  if  you  glued  the  needle  of  the  pressure  valve  to 
the  gauge  itself  it  could  not  have  kept  on  the  200  mark  better.  After  Leaving  Newton 
Abbot  we  had  a  bank  to  climb,  a  grade  of  1  in  43  for  2  miles,  and  another  grade  of 
1  in  51  for  about  4  miles  —  before  Plymouth  was  reached.  We  stopped  outside  and 
got  into  Plymouth  two  minutes  late. 

r  was  going  through  to  Penzance,  and  we  changed  engines  at  Plymouth.  After 
stopping  at  Truro,  we  reached  Penzance,  seven  hours  from  London,  one  minute 
before  time.  This  goes^  on  through  the  summer  months-  day  after  day  in  both 
directions,  and  the  de  Glehn  compound  is  doing  the  work  no  better  than  engines  of 
onr  own  make,  and  from  the  experience  1  have  had,  we  found  no  actual  saving  in  the 
coal  consumption,  and  I  do  not  think,  except  on  a  perfectly  level  road,  that  you  wilil 
get  all  the  advantages  of  the  compound,  because  when  you  have  grades  such  as  we 
have  below  ExeUer,  there  is  no  doubt  a  simple  engine  would  give  a  better  result  than 
the  compound,  as  you  cannot  have  a  compound  engine  without  increasing  your 
miechanism  which  is  always  a  great  disadvantage  to  a  locomotive. 

1  agree  with  the  writer  of  the  paper  in  his  statement  of  yesterday,  that  the  great 
point  to  be  studied  in  the  design  of  locomotives,  is  to  make  them  as  simple  as  you 
possibly  can  and  knowing  the  trouble  we  have  had  with  our  modern  powerful  loco- 
motives, it  is  encouraging,  indeed,  to  hear  the  remarks  I  have  from  the  American 
engineers  when  they  express  themselves  as  not  being  satisfied  allx^gether  with-  their 
new  modern  engines,  because  of  their  increased  cost  of  up  keep*  1  have  no  doubt 
they  have  not  had  time  to  thoroughly  work  out  the  details  necessary  to  constroct  an 
engine  of  such  powerful  dimensions.  If  you  are  going  to  have  a  powerful  locomo- 
tive and  have  il  thoroughly  efficient,  it  must  be  worked  out  in  proportion  —  that  is 
to  say,  if  you  increase  your  power,  you  do  not  want  to  decrease  the  life  of  your  loco- 
motive. If  you  do,  you  make  your  running  expenses  and  expenses  for  maintenance 
verj'  high  indeed.  I  should  like  to  hear  from  both  the  Continental  and  the  Ame- 
rican engineers  what  is  the  great  trouble  they  are  experiencing  at  the  present  time 
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from  their  big  locomotives  carrying  high  pressures.  I  know  what  they  are  in  our 
country  and  I  should  be  glad  if  the  other  engineers  would  tell  us  the  greatest  trouble 
thoy  have  with  powerful  locomotives. 

The  President.  —  Mr.  W.  Forsyth  has  made  some  remarks  to  me  which  I  think  you 
will  be  interested  to  hear  fully. 

He  believes,  as  Mr.  Muhlfeld  has  pointed  out  in  extreme  detail  in  his  paper,  that 
the  principal  difficulty  has  been  the  leaky  tubes  and  cracked  plates  and  leaky  fire- 
boxes. Now,  he  has  the  idea  that  these  failures  are  associated  with  high  pressures 
and  he  would  be  glad  to  know  the  opinion  of  the  French  engineers  on  that  idea, 
because  they  were  the  first  to  use  high  pressures  on  locomotive  boilers,  and  the 
American  engineers  have  really  been  encouraged  to  do  the  same,  because  they 
regarded  that  practice  as  successful  in  France.  Of  course,  in  the  United  States  they 
use  steel  fire-boxes  and  steel  stay  bolts,  and  with  a  strong  material  the  fire-box 
does  not  fail  for  lack  of  strength  as  the  stays  in  the  copper  fire-boxes  do  —  it  is  a 
matter  of  strength  rather  than  of  anything  else.  But  in  this  country,  says  Mr.  For- 
syth, where  they  have  strong  stay  bolts,  they  still  have  failures  and  these  they  believe 
are  largely  due  to  expansion  and  contraction  due  to  irregular  temperature  in  the 
boiler  on  account  of  the  want  of  proper  circulation  of  water.  It  is  rather  difficult 
to  go  into  that  in  detail,  but  Mr.  Forsyth  believes  the  latest  ideas  on  this  subject  are 
based  on  that  fact.  He  has  wondered  since  he  has  been  here  whether  the  French 
engineers  have  as  much  trouble  with  high  pressure  boilers  as  they  do  in  this  coun- 
try, and  if  so  what  their  idea  is  as  to  the  cause  of  it  and  whether  the  construction  of 
the  boiler  itself  has  anything  to  do  with  it.  In  Mr.  Muhlfeld's  paper,  he  shows  two 
types  of  boilers,  one  of  which  he  regards  as  a  good  design  and  the  other  a  poor  one, 
so  far  as  the  matter  of  circulation  is  concerned.  One  of  the  principal  troubles  they 
had  here  is  on  account  of  leaky  tubes,  and  that  appears  difficult  to  understand  and 
difficult  to  remedy,  but  as  he  said  they  believe  that  with  more  careful  attention  to 
temperature  of  water  in  the  boiler,  much  of  the  trouble  can  be  prevented,  and  in 
fact  they  know  that  it  has  been  prevented  by  attention  being  given  to  the  manner 
of  feeding  the  boiler.  If  there  is  something  in  the  quality  of  French  locomotives 
which  enables  them  to  avoid  these  difficulties  he  would  like  to  know  what  it  is.  It 
may  be  possibly  that  the  boilers  are  better  constructed  in  the  first  place.  Mr.  For- 
syth has  an  idea  that  American  boilers  are  built  too  rapidly,  they  are  turned  out  of 
some  shops  too  fast,  at  the  rate  of  five  or  six  locomotives  a  day  and  at  that  rate  the 
best  work  cannot  be  done.  If  you  start  with  a  boiler  which  is  not  put  together  pro- 
perly you  cannot  maintain  it  and  keep  it  tight.  Perhaps  the  French  builders  are 
more  deliberate  and  the  English,  too,  are  more  careful  in  the  manner  in  which 
they  construct  their  boilers  in  the  first  place.  That  is  the  question  set  forth  by 
Mr.  Forsyth. 

Mr.  H.  C.  King,  Great  Western  Railway,  Great  Britain.  —  Until  comparatively 
recently  our  boiler  pressures  were  confined  to  150  pounds.    We  have,  however,  in 
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the  last  two  years  had  extensive  experience  with  pressures  of  163  and  180  pounds, 
and  more  recently  with  pressures  from  200  pounds  upward,  225  pounds  being  our 
maximum.  Whether  an  Englishman  is  entitled  to  take  credit  for  anything  is  a 
matter  of  doubt,  but  I  may  say  that  at  our  works  in  Swindon,  the  excellence  of  our 
manufacture  has  been  such  that  we  have  not  been  troubled  any  more  with  a  pressure 
of  22o  pounds  than  we  had  previously  with  loO  pounds.  In  explanation  of  that 
perhaps  I  may  be  allowed  to  say  that  the  difficulties  presented  to  us  are  largely 
due  to  hard  water,  which  in  the  ease  of  the  flues  lead  to  the  changing  of  the  flues 
long  before  the  endurance  of  the  metal  used  has  been  reached.  We  have  not,  on 
the  Great  Western  Railway,  any  other  metal  in  use  than  iron  or  very  mild  steel,  but 
in  all  such  cases  we  have  been  put  to  the  necessity  of  removing  the  tubes  owing 
to  the  deposition  of  the  scale  long  before  the  endurance  or  life  of  the  tube  has  been 
reached.  Arrangements  have  been  made  by  Mr.  G.  J.  Churchward,  superintendent 
of  our  locomotive,  carriage  and  wagon  department,  for  the  generous  provision  of 
water-softening  plants  both  on  English  and  American  types  at  different  points 
along  our  line  where  the  trains  take  up  their  supplies,  which  we  believe  will  obviate 
that  trouble. 

I  beg  leave  to  raise  a  question  with  regard  to  the  remarks  of  the  least  speaker,  who 
said  that  the  American  practice  was  to  use  steel  plates  with  steel  stays.  In  our 
insular  ignorance,  perhaps,  we  always  regarded  the  American  practice  as  having 
mild  steel  plates  associated  with  iron,  some  times  boiler  iron  stays,  so  that  the  use 
of  short  length  steel  stays  struck  me  as  being  a  matter  of  which  I  had  not  previously 
heard.  We  have  in  England  pretty  well  settled  down,  after  extensive  acquaintance 
with  alloys,  many  and  peculiar,  to  copper  stays  on  the  fire  line  and  iron  stays  else- 
where of  short  lengths ;  but  in  such  Belpaire  boilers  as  we  have,  the  stays  where  they 
approach  2  feet  in  length,  usually  the  vertical  stays  from  the  ground  of  the  fire-box 
to  the  outer  shell,  have  been  of  a  mild  basic  steel,  which  we  took  care  to  obtain  from 
one  source  of  supply  only,  our  object  being  to  locate  what  there  might  be  of  mis- 
chance or  difficulty  and  saddle  the  right  horse  with  the  blame,  but  so  far  we  have 
not  had  any  occasion  to  blame  either  the  horse  or  the  saddle. 

The  President.  —  I  want  to  thank  Mr.  King  for  correcting  the  statement  that  I  made 
on  behalf  of  Mr.  Forsyth  in  regard  to  steel  plates  and  steel  stays.  It  was  a  slip  of  the 
tongue.     I  should  have  said  steel  plates  and  soft  iron  stays. 

Mr.  T.  Eonayne,  New  Zealand  Government  Railways.  —  I  might  state,  Mr.  Presi- 
dent and  gentlemen,  that  the  New  Zealand  railway  system  consists  of  2,300  miles, 
and  the  gauge  is  3  ft.  6  in.  Naturally,  in  common  with  the  rest  of  the  world,  and 
fortunately  so  far  as  New  Zealand  is  concerned,  which  is  a  very  progressive  country, 
we  found  it  necessary  to  increase  the  power  of  our  locomotives.  As  a  matter  of 
fact  the  tractive  power  of  our  modern  locomotives  is  from  oO  to  100  per  cent  more 
than  it  was  some  years  ago.  The  increase  of  power  has  been  the  source  of  consider- 
able expense,  inasmuch  as  the  various  sidings  over  the  system  had  to  be  lengthened 
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so  as  to  enable  us  to  deal  with  long  trains.  The  boiler  pressures  which  were  origin- 
ally 140  pounds  have  been  gradually  extended  to  160,  165,  175  and  the  standard 
boiler  pressure  is  200  pounds  per  square  inch.  We  are  building  four  locomotives 
on  the  de  Gl^hn  principle  and  I  am  very  gratified  to  have  been  here  to-day  and  to 
have  the  result  of  the  experience  of  the  gentlemen  from  France  and  elsewhere  who 
have  had  experience  with  these  locomotives;  and  I  think  I  am  justified  in  saying 
that  the  concensus  of  opinion  is  in  favour  of  the  four  cylinder  locomotive,  and  I  feel 
encouraged  to  go  on. 

We  have  built  the  four  engines,  and  it  is  probable  that  for  our  general  work  we 
shall  make  the  four  cylinder  compound  our  standard.  The  increase  of  boiler  press- 
ures has  not  led  to  any  serious  difficulty  in  the  matter  of  the  maintenance  of  the 
boilers.  We  have  good,  bad  and  indifferent  water,  and  with  regard  to  the  bad  water 
we  find  that  with  careful  washing  out  —  we  wash  out  with  steam  injector  on  the 
same  lines  as  you  do  in  America  —  it  enables  us  to  get  our  engines  to  work  quickly 
again,  as  we  have  not  any  to  spare,  and  it  is  much  superior  to  cooling  down  the 
boilers  more  or  less  rapidly  to  enable  them  to  be  washed  out  with  cold  water.  We 
find  a  great  improvement  has  J)een  effected  in  the  condition  of  the  tubes  and  the 
boilers  generally  by  using  that  system  of  washing  out  of  the  boilers.  We  are 
troubled  a  great  deal  with  lime,  and  in  some  of  the  districts  we  use  the  gum  leaves 
of  the  colony  —  which  grow  in  the  country  but  not  indigenous  to  New  Zealand  — 
eucalyptol  leaves  and  we  make  a  solution  of  that  which  removes  the  scale  from  the 
tube.     We  use  it  periodically  with  beneficial  results. 

We  have  considerable  difficulties  in  New  Zealand.  We  have  what  they  call  a  7  per 
cent  grade,  to  express  it  in  American  terms,  a  grade  of  1  in  14  to  1  in  15,  which 
extends  the  length  of  some  3  miles.  It  is  over  a  very  rough  country;  the  grade 
indicates  that.  It  is  very  tortuous  and  five  chain  curves  are  very  numerous.  We 
work  that  grade  on  the  Fell  system,  which  I  believe  is  the  only  remnant  of  that 
system  at  present  in  use. 

We  have  had  very  great  difficulty  with  regard  to  the  axles  on  those  locomotives, 
and  with  a  view  to  getting  them  as  perfect  as  possible,  so  as  to  handle  the  increased 
business  with  which  we  were  dealing,  we  removed  the  axles  and  replaced  them  by 
nickel-steel  axles,  unfortunately  with  very  poor  results.  Some  of  the  axles  only 
lasted  six  weeks.  We  spent  a  large  sum  of  money  in  doing  that,  thinking  we  would 
make  them  good  for  ever,  but  we  got  in  to  deep  water.  The  axles  were  made  by  a 
prominent  firm  in  England,  but  since  that  experience  with  nickel  axles,  we  have 
concluded  not  to  go  any  further  with  them.  We  are  more  fortunate  with  nickel- 
steel  piston  rod  material,  which  we  get  in  very  good  shape.  We  also  have  in  mind 
to  try  nickel-steel  tubes.  They  have  been  ordered  for  about  twelve  months  from  the 
manufacturers  in  the  United  States,  but  the  makers  say  they  have  not  the  right  sort 
of  metal  from  which  to  turn  out  the  tubes,  but  we  are  living  in  hope  of  getting  them. 
We  are  making  an  experiment  with  the  spiral  tubes,  with  a  view  of  getting  over  the 
sparking  difficulty.     We  have  a  very  considerable  expense  sometimes  in  giving  corn- 
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pensation,  although  we  are  not  legally  liable  for  fires  caused  by  sparks  from 
our  engines  owing  to  the  dryness  of  the  country,  although  we  use  the  double 
screen,  still  we  are  not  absolutely  free  from  sparking.  I  have  been  informed, 
chiefly  through  the  medium  of  the  Railway  Age,  which  paper  is  very  largely  read 
in  my  country,  that  the  spiral  tube  is  the  solution  for  the  sparking  difficulty.  The 
tubes  have  been  ordered,  but  we  have  not  had  any  experience  with  them  yet,  but 
hope  to  have  a  better  result  from  them  than  with  the  nickel  tubes. 

Mr.  Bowman  Malcolm. —  I  would  ask,  with  regard  to  engines  that  are  on  continuous 
duty,  is  it  the  American  practice  to  dump  the  fire  at  night,  and  let  the  engines  cool 
down,  or  is  it  the  practice  to  bank  the  fires?  In  my  own  practice,  using  Soulh  Wales 
coal  —  a  very  high  quality  of  steam  coal  —  we  bank  the  fire,  and  never  allow  the 
pressure  to  go  down  below  60  or  70  lb.,  except  when  we  are  washing  out  the  engine. 
We  find  much  better  results  by  maintaining  the  temperature,  and  thus  avoiding 
leaky  tubes  and  similar  troubles. 

Mr.  A.  W.  Gibbfl.  —  On  the  road  with  which  I  am  connected,  the  general  practice 
is  to  keep  the  fires  banked. 

While  our  President  was  speaking  of  the  difficulties  with  the  boilers,  I  recalled  that 
I  recently  had  occasion  to  look  up  the  records  of  fire-boxes  for  several  years  past. 
The  road  with  which  I  am  connected  has  about  3,300  locomotives,  700  of  which  are 
hea\7  engines.  Last  .year  we  had  to  put  in  103  steel  fire-boxes;  the  year  before 
1  think  it  it  was  75  and  the  year  before  that  it  was  102  if  I  remember  correctly,  so 
that  you  see  the  destruction  of  steel  fire-boxes  is  not  such  a  dreadful  matter  after 
all.  With  a  depreciation  of  S  per  cent  on  an  average  of  twenty  years,  that  would 
mean  that  the  engine  would  have  during  its  life  about  two  renewals  of  fire-boxes. 
There  is  a  widely  different  practice  and  widely  different  results  are  secured  with 
regard  to  fire-boxes,  and  it  is  my  opinion  that  the  trouble  is  more  directly  traceable 
to  the  question  of  water  than  any  other  one  thing.  The  average  of  our  engines  is 
about  nine  years,  so  that  you  see  we  should  be  by  this  time  feeling  pretty  well  the 
effect  of  the  large  engines,  of  which  there  are  about  700,  so  that  I  am  not  quite  so 
despondent  as  Mr.  Forsyth  seems  to  be  in  r^ard  to  the  great  mortality  of  the  large 
boiler  due  to  the  heavier  pressure  carried.  At  the  same  time,  I  am  prepared  to 
expect  that  with  the  locomotives  having  wide  fire-boxes,  we  cannot  expect  so  long 
a  life  as  with  the  older  type,  largely  because  of  the  difficulty  in  keeping  the  grate 
covered  with  fuel. 

Mr.  J.  E.  Muhlfeld,  reporter,  —  On  the  railroads  1  have  been  connected  with,  the 
general  practice  in  the  way  of  banking,  cleaning  and  dumping  the  fire,  as  we  call  it, 
has  been  to  depend  entirely  on  local  conditions.  If  we  have  through  freight  locomo- 
tives, supposed  to  be  in  continuous  service,  and  they  come  in  after  reasonable  length 
of  runs,  and  the  quality  of  fuel  is  fairly  good,  we  try  to  clean  the  fire  without 
knocking  it  all  off  the  grates,  saving  the  portion  we  can,  freshening  it  with  new  fuel 
and  then  banking  the  fire.     In  the  case  of  washing  out  boilers,  the  fire  should  be 
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knocked  out,  for  either  the  hot  or  cold  water  washing  system.  I  think  that  the 
condition  of  the  fire  and  the  grates  and  operating  gear  at  the  end  of  the  trip,  either 
in  passenger,  through  freight  or  in  local  freight  service,  governs  as  to  the  dumping 
or  cleaning  of  the  fire.  If  there  is  sufficient  good  fuel  left  so  that  you  can  clean  the 
fire,  and  the  locomotive  does  not  require  to  have  the  water  released  from  the  boiler, 
the  intention  is  to  always  maintain  the  highest  pressure  permissible  and  the  most 
uniform  temperature;  but  where  boilers  require  washing  out,  where  there  is  flue 
work  to  be  done,  or  when  the  fire  is  exceptionally  dirty,  it  is  better  to  clean  ofi"  the 
grates  entirely. 

Mr.  Tordeux,  French  Eastern  Railway.  (In  French.)  — Gentlemen,  I  entirely  agree 
with  the  opinion  expressed  by  my  French  colleagues  on  the  subject  of  four  cylinder 
compound  locomotives.  Seven  years  ago,  my  railway  began  using  engines  of 
this  type  for  the  first  time  and  since  then  we  have  built  nothing  but  four  cylinder 
compound  with  four,  six  and  eight  wheels  coupled;  engines  for  expresses,  for 
passenger  trains,  for  goods  trains  and  even  tank  engines  with  three  coupled  axles 
and  two  bogies  which  are  to  be  delivered  shortly  and  are  to  haul  the  passenger  trains 
in  the  neighbourhood  of  Paris.  We  thus  have  two  hundred  and  sixty-four  cylinder 
compound  locomotives  now  in  service,  and  we  shall  soon  have  three  hundred  and 
twenty  or  three  hundred  and  thirty  of  them. 

in  deciding  to  build  nothing  but  compound  locomotives,  we  have  been  influenced 
mainly  by  the  saving  of  coal  which  follows  the  use  of  this  type  of  engine,  a  saving 
which  is  of  really  great  importance  to  us  owing  to  the  high  cost  of  fuel.  We  have 
not  a  single  coal  pit  on  our  line,  and  consequently  in  addition  to  the  cost  of  coal  at 
the  pit's  mouth,  Ciirriage  costs  us  7  francs  a  ton  {os.  H'3d.  per  English  ton).  Moreover, 
idthough  we  use  from  75  to  85  per  cent  coal  dust,  the  present  price  per  ton,  deliv- 
ered, works  out  at  about  18  francs  (iis.  IGd.  per  English  ton). 

The  first  hundred  locomotives  we  built  had  fiat  slide  valves,  but  after  the  exhibi- 
tion of  1900,  we  decided  to  try  piston  valves.  Twenty  new  engines  with  six  wheels 
coupled  fitted  with  these  valves  were  therefore  built  at  the  same  time  as  a  similar 
number  of  identical  engines,  but  with  fiat  slide  valves.  These  different  locomotives 
were  compared  against  each  other  for  one  year,  and  the  results  were  completely  in 
favour  of  the  engines  with  piston  valves.  We  found  that  the  engines  with  piston 
valves  ran  much  more  smoothly,  they  ran  better  as  was  appreciable  especially  on 
the  engines  devoted  to  fast  services ;  moreover,  these  engines  ran  more  cheaply  and 
saved  from  4  to  5  per  cent  in  coal,  owing  not  only  to  their  lower  resistance,  but  also 
to  the  reduced  throttling  of  the  steam.  As  regards  the  maintenance  of  the  piston 
valves  which  we  feared  our  men  would  experience  difficulty  with  at  first,  it  did 
originally  cause  us  some  trouble,  but  this  only  lasted  a  short  time  and  as  a  matter  of 
fact  it  is  not  more  delicate  or  more  wearisome  than  the  maintenance  of  the  flat  slide 
valves.  In  view  of  the  result  of  these  trials,  all  the  engines  built  since  the  exper- 
iments were  completed,  have  been  fitted  with  piston  valves. 
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There  is  another  point  upon  which  we  have  also  made  careful  experiments  and 
that  I  should  like  to  call  your  attention  to  :  I  mean  steam  jacketting. 

Some  engines  were  fitted  with  an  arrangement  for  reheating  the  cylinders  and 
steam  boxes  with  steam-jacketting.  In  these  trials,  the  engines  were  divided  into 
two  groups  carrying  on  the  same  service ;  one  of  these  groups  used  reheating  for 
one  month  and  gave  it  up  the  following  month,  and  inversely  for  the  second  group; 
moreover  the  drivers  were  shifted  from  lime  to  time,  so  as  to  eliminate  the  human 
factor.  The  results  of  these  trials,  persisted  in  for  a  whole  year,  were  absolutely 
nil ;  we  did  not  find  any  difference  whether  steam-jacketting  was  used  or  not.  The 
loss  in  the  steam-jacket  must  then  practically  equalize  the  loss  at  the  sides  and  it 
does  not  seem  that  reheating  of  the  cylinders  possesses  any  advantages  in  the 
locomotives. 

In  conclusion,  I  should-  like  to  say  a  word  in  reply  to  Mr.  Gibbs  regarding 
lubrication. 

Until  the  last  few  years  we  were  using  nothing  on  our  locomotives  but  the  wick 
lubricator  and  we  had  noticed  that  when  the  drivers  used  this  they  sprayed  the 
parts  rather  than  oiled  them.  Now,  though  we  use  fairly  cheap  oils,  as  we  need 
enormous  quantities,  a  reduction  in  consumption  means  a  saving  that  is  by  ho 
means  negligible.  In  order  to  arrive  at  this  saving,  we  tried  on  some  new  and  on 
some  old  engines  the  pointed  lubricator  that  one  of  our  engineers  had  seen  in 
America.  This  lubricator  was  applied  to  nearly  all  the  moving  parts  :  small  and 
large  heads  of  rods,  slides  of  pistons  and  boxes  and  in  these  applications  we  tried  ta 
make  it  as  easy  as  possible  for  the  drivers  to  regulate  the  flow,  to  open  and  close  the 
lubricator  by  putting  in  cocks  to  stop  the  flow  without  interfering  with  regulation. 
We  were  thus  able  to  reduce  the  cost  of  lubrication  20  to  30  per  cent  and  even  in 
some  sheds  where  special  supervision  was  possible  the  reduction  in  consumption 
exceeded  40  per  cent. 

So  all  our  new  engines  are  now  fitted  with  pointed  lubricators  and  we  are  even 
going  to  put  these  lubricators  on  some  of  our  old  engines  in  place  of  the  wick 
lubricators. 

The  President.  (In  French.)  —  Perhaps  some  engineer  present  may  be  in  a  posi- 
tion to  aflbrd  us  valuable  information  on  the  use  of  piston  valves  either  in  Europe 
or  in  America  ? 

Mr.  T.  Bonayne  —  We  have  practically  abandoned  the  slide  valves  in  favour  of  the 
piston  valves,  although  all  of  our  slide  valves  are  balanced  after  the  American  fashion 
and  give  good  results,  but  we  consider  that  we  should  be  up-to-date  and  get  a  better 
release  for  steam  and  larger  steam  ways,  and  the  result  is  highly  satisfactory  to  us. 
We  have  determined  to  adhere  to  the  piston  valves  for  all  of  our  locomotives.  We 
had  some  difficulty  with  the  rings  at  the  outset,  the  cast-iron  of  an  L  shape,  and  they 
did  not  give  entire  satisfaction.  We  remodeled  the  design  and  since  then  we  have 
had  absolutely  no  trouble.     We  found  the  valve  gear  was  a  source  of  some  trouble. 
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especially  with  the  slide  valves  before  they  were  relieved,  but  that  has  entirely 
disappeared  now,  and  the  wear  and  tear  on  the  pins  and  motion  generally  is  infinit- 
esimal. The  men  who  operate  the  locomotives,  instead  of  being  almost  jerked  out 
of  the  cab,  as  they  used  to  be,  can  now  with  one  hand  reverse  the  engine  under 
200  lb.  pressure.  The  Walschaerts  valve  gear  lias  been  used  almost  exclusively  and 
it  seems  to  give  the  best  possible  satisfaction. 

Mr  D.  F.  Crawford.  —  On  the  Pennsylvania  lines  West  of  Pittsburgh,  we  had  only 
made  incidental  experiments  until  about  three  years  ago  when  we  had  ten  Atlantic 
type  passenger  locomotives  provided  with  the  piston  valves  and  at  the  same  time 
purchased  twent>-two  engines,  which  were  exact  duplicates,  with  the  exception  of 
the  valves  and  cylinders.  Since  that  time  we  have  added  more  Atlantic  type  loco- 
motives, and  ihey  have  all  had  piston  valves.  In  the  three  years'  experience  we  are 
satisfied  that  the  results  we  have  obtained  with  the  piston  valve  in  the  service  in 
which  the  engines  are  used  will  justify  us  in  continuing  it  as  the  standard  valve  for 
passenger  engines.  The  locomotives  have  the  Stephenson  motion  and  the  slide 
valve  engines  and  piston  valve  engines  are  exactly  the  same,  in  so  far  as  the  motion  is 
concerned.  We  find  that  the  locomotives  with  the  slide  valve  will  require  the  lost 
motion  to  be  taken  up  between  what  we  call  general  repairs.  Some  of  our  piston 
valve  engines  have  run  the  entire  time  between  general  repairs  without  accumulating 
sutticient  lost  motion  to  warrant  withdrawing  them  from  the  service  for  such 
repairs.  The  locomotives  I  refer  to  carry  203  lb.  of  steam,  and  although  we  have 
balanced  the  slide  valve  to  a  degree  that  in  starling  the  valve  will  blow,  the  men  find 
it  quite  difficult  to  handle  them,  but  do  not  have  the  same  difficulty  with  the  piston 
valve.  We  also  find  that  the  piston  valve  engine  has  been  rather  more  economical 
on  account  of  the  fact  that  we  do  not  have  the  valves  and  the  valve  seats  to  face.  On 
the  twenty-five  piston  valve  engines  which  we  have,  there  have  been  a  few  broken 
rings,  not  over  a  half  dozen,  but  they  do  not  give  any  other  trouble,  except  some 
little  leakage,  and  the  engines  get  back  to  the  terminal  without  giving  up  the  train. 
For  freight  locomotives,  while  the  piston  valve  is  being  considered,  it  has  not  been 
put  on  any  engines  in  service. 

The  President.  —  Mr.  Muhlfeld  wishes  to  make  some  observations  on  the  discus- 
sion which  has  taken  place. 

Mr.  J.  E.  Muhlfeld.  —  Mr.  Chairman  and  gentlemen  :  From  the  standpoint  as  the 
reporter  for  America,  it  has  been  very  interesting,  indeed,  to  note  the  different 
arguments  which  have  been  brought  up  in  this  discussion,  especially  by  our  col- 
leagues from  other  countries.  I  have  especially  noted  the  growing  sentiment 
towards  a  more  uniform  solving  of  the  general  problems  that  afl^ect  the  locomotive 
senice  in  all  countries.  It  is  very  gratifying  to  note  from  the  discussions  we  have 
had,  that  there  is  a  tendency  to  standardize  the  various  practices,  and  if  this  can  be 
increased  to  the  same  extent  in  the  next  five  or  ten  years  as  it  has  been  in  the  last  1\\e 
years  and  as  represented  by  the  present  practice,  we  can  pretty  ne.arly  arrive  at  a 
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standard  (with  the  exception  of  the  ^^tail  problems  which  affect  locomotives  for 
local  conditions]  which  will  meet  the  general  requirements  for  locomotive  service  in 
almost  any  country. 

I  have  made  a  memorandum  of  the  various  features  which  have  been  brought  up, 
and  will  commence  with  the  high  pressure  of  steam.  From  the  arguments  on  this 
<|ueslion,  I  notice  that  in  the  foreign  practice,  in  connection  with  simple  locomo- 
tives, you  make  use  of  pressures  from  180  to  190  lb.,  or  possibly  up  to  200  lb. ;  in 
compound  practice,  you  make  use  of  pressures  up  to  200  and  22S  lb.  In  modern 
.\merican  locomotive  practice,  the  simple  locomotives  average  about  200  lb.  pressure 
—  in  some  cases  of  switching  locomotives  the  pressure  is  180  lb.  —  but  in  many 
cases  simple,  high  speed  locomotives,  pressures  are  made  use  of  from  210  to  225  lb. 
In  connection  with  compound  locomotives  in  this  country,  the  pressure  has  been 
increased  to  as  much  as  23S  lb.  I  think  we  can  average  all  modern  simple  and 
compound  locomotive  construction  in  this  country  and  it  will  be  from  200  to  225  lb. 
pressure.  These  facts,  I  think,  give  an  average  for  the  various  countries  of  about 
200  lb.  for  all  types  of  locomotives  and  that  is  getting  pretty  close  to  a  high  pressure 
proposition. 

In  compounding,  the  foreign  practice  shows  that  the  duplex  system,  balanced 
four-cylinder  and  the  two-cylinder  compound  types  have  been  pretty  well  perfected, 
and  in  some  countries  practically  adopted  as  a  standard.  In  the  United  States  and 
Canada,  the  compound  locomotives  which  were  first  put  in  use,  were  deficient  in 
many  details  of  design  as  well  as  in  construction,  and  I  think  that  our  experience 
with  the  compounding,  which  was  inaugurated  at  the  same  time  that  the  tractive 
power  was  greatly  increased,  did  not  result  to  the  best  advantage  and  has  no  doubt 
been  responsible  for  the  compound  principle  being  retarded  in  connection  with 
locomotives  which  are  being  built  to-day.  The  four-cylinder  balanced  types  are 
<ioming  into  use  now,  and  we  expect  to  get  good  results  from  them  under  certain 
fuel,  weather  and  service  conditions.  We  have  in  use  on  the  Baltimore  &  Ohio  the 
duplex  system  of  compounding,  and  so  far,  although  the  locomotive  has  only  made 
about  14,000  miles,  we  have  gotten  good  results  and  do  not  anticipate  any  embar- 
rassment. Of  the  two-cylinder  cross-compound  locomotives,  there  are  a  number  in 
service  in  Canada  and  the  United  States.  We  have  some  on  the  Baltimore  &  Ohio, 
and  while  we  are  converting  to  simple  some  of  the  four-cylinder  compound  types, 
we  do  not  propose  to  simple  any  of  the  cross-compounds,  and  even  when  they 
require  new  cylinders  we  expect  to  maintain  them  as  cross-compounds.  The 
division  on  which  they  run  is  fairly  level  with  a  few  slight  grades;  the  distances 
between  fuel  and  water  stations  are  long;  the  total  runs  average  from  125  to  150  miles 
in  length,  and  it  is  the  longest  haul  we  have  for  company's  use  fuel.  The  locomotives 
have  a  very  good  tractive  power  for  starting  trains  and  haul  long  and  heavy  trains, 
some  trains  having  125  cars.  Altogether  the  cross-compound  type  of  locomotive 
has  given  better  results,  so  far  as  the  compound  principle  is  concerned,  than  simple 
-cylinder  types  of  locomotives  operating  under  these  conditions. 
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In  the  distribution  of  stresses  over  four  instead  of  two  points,  that  has  been  more 
thoroughly  worked  out  in  some  of  the  foreign  countries,  but  we  believe  that  if  the 
transportation  department  requires  us  to  develop  a  greater  amount  of  tractive  power 
in  one  unit,  we  shall  have  to  go  to  the  distribution  of  the  maximum  stresses  over  four 
points  instead  of  two.  In  developing  from  40,000  to  50,000  lb.  tractive  power 
at  the  cylinders  we  have  almost  reached  the  limit  of  the  amount  of  force  to  be 
transmitted  to  two  crank  pins  and  two  main  driving  boxes,  and  in  (he  operation  of 
the  motion  gear  and  the  cylinddrs,  if  we  concentrate  the  development  of  power  any 
further  than  we  have,  we  shall  only  aggravate  the  troubles  we  have  been  through 
already ;  so  it  seems  from  what  the  practical  results  have  demonstrated,  and  from 
what  we  have  learned  from  other  <;ountries,  that  a  greater  distribution  of  these 
stresses  is  what  will  have  to  be  followed  out. 

In  superheating,  quite  a  number  of  tests  are  being  made,  some  with  the  Schmitt 
and  other  superheaters  in  Canada  and  with  the  Cole  superheater  in  the  United 
States.  From  personal  observations  as  to  the  application  of  the  superheating, 
I  think  it  is  to  be  regretted  that  we  have  not  developed  the  superheating  more  in 
comparison  than  the  compounding.  I  am  satisfied  that  if  our  initial  expenditures 
on  capital  account  had  been  more  largely  made  on  superheating  apparatus,  than  on 
compounding  devices,  we  would  have  gotten  better  results  and  would  not  have  had 
to  make  the  betterments  and  expensive  renewals  and  repairs  which  we  were 
obliged  to  make  on  certain  compounds.  I  think  the  development  of  superheating, 
either  in  connection  with,  or  independent  of,  simple  or  compound  locomotives,  will 
be  considerably  greater  in  the  future. 

In  motion  gear,  the  increasing  of  the  diameter  of  the  main  axles  on  account  of 
increased  tractive  power,  and  the  increasing  of  valve  travel,  has  made  it  necessary 
to  design  very  large  eccentrics  and  straps,  and  on  account  of  the  larger  diameter  of 
the  wheels,  and  at  the  same  time  trying  to  maintain  a  reduced  length  of  rigid  wheel- 
base  to  meet  the  curvature  conditions  and  develop  a  locomotive  which  will  give 
good  tractive  qualities,  it  has  been  necessary  to  complicate  the  motion  gear  of  the 
Stephenson  type  to  such  an  extent,  as  compared  to  the  Walschaerts  or  similar  type, 
that  we  now  have  about  double  the  weight,  many  more  parts  for  maintenance  and 
lubrication,  and  an  unsatisfactory  gear  which  is  most  undesirable.  Quite  a  number 
of  Walschaerts'  gears  have  been  applied  to  locomotives  built  in  the  United  States  in 
the  last  couple  of  years  and  so  far,  from  the  investigations  I  have  made,  I  think  the 
results  have  been  quite  satisfactory.  We  look  forward  to  considerable  development 
in  that  type  of  gear  in  connection  with  American  locomotives. 

As  to  the  diameter  of  driver  wheels,  I  think  the  average  size  now  being  used  in  both 
foreign  countries  and  the  United  States  is  about  the  same,  6  or  7  feet  for  passenger 
locomotives  and  about  a  S-foot  wheel  for  freight  locomotives.  Our  locomotives  in 
the  last  five  years  have  been  constructed  with  driver  wheels  averaging  rather  too 
small  in  diameter.  The  large  amount  of  power  developed  and  the  increased 
number  of  revolutions  per  mile  has  been  hard  on  the  machinery  and  also  on  the 
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tracks; and,  of  course,.the  greater  number  of  revolutions  per  mile, the  more  cylinders 
full  of  steam  per  mile  and  we  feel  that  it  has  resulted  in  some  waste  of  fuel.  We 
much  prefer  the  increased  diameters  of  the  driving  wheels  and  increasing  the  length 
of  the  stroke,  to  maintain  the  cylinder  diameter  of  the  smallest  possible  dimension. 

The  piston  valve  will  no  doubt  become  more  prominent  each  year,  especially  in 
connection  with  passenger  locomotives.  In  freight  locomotive  design  there  are 
some  features  about  a  piston  valve  which  are  not  so  desirable  as  flat  valves,  especially 
where  you  have  a  great  deal  of  drifting  or  considerable  condensation.  Buth  with 
the  improvements  made  in  piston  valves,  there  should  not  be  any  difficulty  in  over- 
coming these  troubles.  I  think  the  application  of  the  piston  valve  has  been  some- 
what retarded  on  account  of  the  first  valves,  of  that  type  being  put  into  service  in 
connection  with  compound  locomotives.  They  had  a  large  number  of  packing 
rings,  and  the  design  and  construction  was  such  that  we  had  a  great  deal  of  difficulty 
in  maintaining  them;  but  by  a  more  simple  design  of  piston  valves  such  as  can  be 
made  for  simple  locomotives,  or  four-cylinder  balanced  compounds,  or  cross- 
compound  types,  there  should  be  no  difficulty  in  working  that  problem  out  to  good 
advantage. 

With  regard  to  the  use  of  nickel-steel  in  forgings,  it  has  not  been  used  to  any 
considerable  extent,  on  account,  in  the  first  place,  of  the  difficulty  in  securing  metal 
of  the  proper  specification,  and  due  to,  secondly,  some  trouble  experienced  in  the 
use  of  nickel-steel  which  has  been  furnished.  For  that  reason,  the  use  of  that 
material  has  been  very  limited  in  this  country,  and  I  think  that  can  be  said  for  all 
countries.  Steel  castings  have  been  largely  used  to  reduce  weight  and  increase 
strength.  1  think  that  processes  will  be  developed  as  the  manufacturers  of  that  class 
of  material  goes  on  which  will  produce  castings  suitable  for  all  requirements. 

There  are  some  matters  in  which  the  foreign  and  American  practice  differ  consi- 
derably, and  one  is  in  the  lubrication.  We  have  not  been  entirely  successful  in  the  • 
lubrication  of  slide  valves  by  the  sight  feed  or  gravity  method.  If  the  pressures  are 
to  increase,  and  we  are  to  use  superheating,  we  shall  have  to  make  use  of  a  positive 
pump  action  control,  or  something  which  will  insure  us  positive  feed  and  which  we 
cannot  get  with  the  present  methods. 

In  the  use  of  tail  rods  for  pistons,  we  have  not  felt  it  was  necessary  in  connection 
with  piston  heads  or  cylinders  as  large  as  35  inches  in  diameter.  Where  we  had 
difficulty  in  maintaining  tail  rods,  on  account  of  the  buckling  of  piston  rods  and  the 
wear  and  tear  of  the  tail  rod  bushing  used  to  keep  up  the  alignment,  we  cut  off  the 
tail  rods  and  have  had  no  trouble  since.  Taking  it  as  a  general  proposition,  we 
found  there  was  no  more  liability  of  failure  nor  any  more  wear  at  cylinders  of  loco- 
motives of  the  cross-compound  type,  where  we  removed  the  tail  rods  from  the 
35-inch  pistons,  than  where  we  had  them  in  use. 

In  connection  with  frames,  there  has  been  a  great  deal  of  trouble  with  breakage, 
and  from  observations  on  several  different  roads,  I  have  concluded  it  has  been  due 
largely  to  insufficient  bracing  between  the  boilers  and  the  frames,  and  insufficient 
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bracing  between  the  frames  themselves.  Neither  has  there  been  a  good  distribution 
of  metal  to  give  necessary  strength  where  it  was  needed,  and  in  other  cases  breakages 
have  been  due  to  defective  material . 

In  the  future  development  of  American  locomotives,  we  should  look  more  thor- 
oughly into  the  foreign  practice,  and  learn  whether  the  application  of  a  good  type  of 
slab  or  double  plate  frame  is  practicable  and  whether  it  would  not  give  better  results. 

Another  good  foreign  practice  is  the  use  of  tank  locomotives.  We  have  used 
them  only  for  such  service  as  six  wheel  coupled  types  are  adopted  for  and  for 
suburban  use.  It  seems  advisable  that  in  America  we  should  look  into  that  subject 
more  thoroughly  and  g  t  the  results  of  foreign  practice  and  see  if  we  cannot  concen- 
trate a  greater  amount  of  adhesive  weight  and  do  away  with  a  certain  proportion  of 
non -adhesive  weight  for  locomotives  that  do  not  have  time  to  turn  at  the  terminals, 
and  which  are  used  in  the  handling  of  local  traffic,  suburban  service,  local  freight 
runs,  and  switching  service.  It  seems  to  me  that  in  such  service,  where  we  require 
maximum  tractive  effort  to  start  trains  and  accelerate  them  rapidly,  it  is  desirable  to 
investigate  the  results  from  the  tank  locomotive. 

In  the  use  of  locomotives  with  flexible  wheelbase,  the  foreign  practice  has  been 
developed  more  than  here.  The  Baltimore  &  Ohio  has  put  such  a  locomotive  into 
service  this  spring.  It  has  given  satisfactory  results.  It  has  a  total  wheelbase  of 
30  ft.  6  in.,  a  rigid  wheelbase  of  10  feel,  with  334,500  lb.  total  weight.  In  compar- 
ing it  with  consolidation  types  of  locomotives  with  the  weight  of  173.,000  lb.  on 
drivers  and  16  ft.  6  V«  in.  rigid  wheelbase,  we  find  the  flexible  wheelbase  locomo- 
tive will  traverse  curves  on  which  the  consolidation  type  of  locomotive  would 
become  derailed. 

From  the  convci*sations  I  have  had  with  some  of  the  foreign  representatives,  and 
what  we  have  gained  from  this  meeting,  it  would  seem  that  with  regard  to  the  initial 
design  and  construction,  and  maintenance  and  care  of  locomotives,  the  foreign 
practice  is  to  give  more  attention  to  these  details.  With  our  traffic  conditions,  the 
necessity  of  getting  power  to  move  the  trains  at  any  cost  is  so  great,  that  the 
inspection,  maintenance,  classified  repair  work  at  the  general  shops,  and  care  in 
operation,  have  all  been  neglected.  Everything  has  been  directed  to  the  one  feature 
of  moving  traffic,  and  now  that  the  railroads  are  becoming  more  developed  and  the 
mileage  extended,  and  they  have  all  the  mileage  they  can  handle  with  the  business 
originating,  it  seems  to  me  the  motive  power  people  should  take  more  interest  in 
developing  good  initial  design  and  better  operation  and  maintenance  in  connection 
with  the  locomotives  now  on  hand  and  those  to  be  purchased. 

In  the  matter  of  compounding,  the  American  railroads  have  developed  the  com- 
pound locomotive  more  for  the  purpose  of  increasing  hauling  capacity,  while  in  the 
foreign  practice,  as  has  been  brought  out  in  the  discussion,  while  you  consider  the 
hauling  capacity,  you  also  work  out  refinements  in  design  and  do  not  overlook  the 
efficiency  and  economy  which  should  be  brought  about  by  that  system.  You  have 
developed  the  four-cylinder  compounds  for  high  speed,  and  you  have  less  wear  and 
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tear  on  machinery,  less  wear  and  tear  on  track  and  the  design  has  been  such  as  to 
secure  more  benefit  from  the  compound  principle.  I  think  the  whole  discussion 
resolves  itself  into  the  conclusion  that  the  compound  feature  is  the  principle  that 
must  give  results  in  high  speed  service  when  properly  worked  out. 

In  deciding  on  whether  the  simple  or  compound  type  of  locomotive  will  be  used, 
the  cost  of  fuel  is  an  item  of  considerable  importance.  The  average  cost  of  fuel  in 
the  United  States  will  run  from  about  1  to  2  dollars  per  net  ton  on  tender,  whereas 
from  the  remarks  made  here,  I  am  led  to  believe  that  the  cost  in  some  of  the  other 
countries  will  average  from  2'o0  to  4  dollars  per  ton  net.  The  saving  to  be  effected 
in  compounding  is  mostly  through  the  reduced  boiler  stresses  and  fuel  consump- 
tion. In  order  to  produce  that  saving,  we  must  apply  it  to  the  coal  actually  con- 
sumed during  the  time  the  locomotive  is  hauling  cars.  Locomotives  stand  around 
terminals  and  burn  fuel;  they  drift  on  the  line  and  burn  fuel  and  they  do  a  good 
deal  of  switching  along  the  line,  in  full  stroke,  which  is  wasteful ;  the  pop  valves 
relieve  steam,  and  there  are  many  other  factors  which  enter  into  the  fuel  consump- 
tion and  the  saving  that  the  compound  will  effect  is  only  what  can  be  applied  to  the 
coal  that  is  burned  while  the  locomotive  is  actually  pulling  cars.  From  observa- 
tions we  have  made,  we  have  figured  thai  about  2o  per  cent  of  our  fuel  is  burned 
when  locomotives  are  not  pulling  cars,  and  the  saving  that  the  compound  principle 
would  effect  on  locomotives  which  would  burn  12  tons  of  coal  from  one  terminal 
to  another,  would  have  to  be  applied  on  only  9  tons  of  coal,  because  when  you  are 
not  using  steam,  you  are  not  effecting  any  saving  due  to  the  compound  system. 

The  failures  of  boilers  on  account  of  the  breakage  of  stay  bolls  and  rupturing  of 
side  sheets  has  been  referred  to.  The  investigations  we  have  made  of  failures  where 
mild  steel  has  been  used  for  fire-box  plates  and  good  wrought  iron  for  rigid  slay 
bolts,  has  developed  in  many  cases  the  fact  that*  the  same  spacing  has  been  used 
as  in  older  practice.  Where  the  pitch  of  the  rigid  stay  bolts  has  been  from  3  Va  to 
3  3y^  inches  as  compared  with  4  inches  as  formerly  used  with  the  same  diameter  of 
stay  bolt  applied,  we  have  overcome  the  deficiencies  brought  out  on  account  of  the 
previous  practice,  and  with  the  present  boiler  construction  where  proper  attention 
is  given  to  increasing  the  width  of  water  legs,  to'  provide  ample  flexibility,  we  do 
not  feel  that  we  shall  have  the  same  disturbances  and  bad  results  that  we  have  had 
from  the  past  practices. 

The  President.  (In  French.)  —  In  his  report,  Mr.  Muhlfeld  has  touched  upon  a  very 
interesting  point,  namely  the  use  of  locomotives  with  great  flexibility  and  immense 
adhesive  weight.  There  is,  for  instance,  the  Mallet  locomotive  that  has  been  tried 
on  the  Baltimore  &  Ohio.  Perhaps  some  information  could  be  given  to  the  sec- 
tion on  experiments  that  have  been  carried  out  in  different  countries  in  this  direc- 
tion. 

Mr.  A88eliii.((n  French.) —  In  the  very  interesting  remarks  which  he  has  just  made, 
Mr.  Muhlfeld  stated  that  so  far  there  are  in  existence  very  few  powerful  tank  engines, 
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at  least  for  goods  trains.  He  suggested  that  it  might  be  a  good  thing  to  go  further 
in  this  direction. 

I  therefore  think  it  may  be  of  interest  to  mention  the  building  by  the  Northern  of 
France  of  an  engine  of  high  power  designed  by  Mr.  du  Bousquet,  chief  mechanical 
engineer,  which  can  be  compared  with  the  Baltimore  &  Ohio  Railway's  Mallet 
engine  and  which  exactly  corresponds  with  the  conditions  laid  down  by  Mr.  Muhl- 
feld  in  that  it  is  a  tank  engine  with  flexible  wheel-base. 

It  is  a  four-cylinder  compound  goods  locomotive,  with  a  steam  pressure  of  16  kilo- 
grams (228  lb.  per  square  inch);  its  boiler  is  exceptionally  powerful  for  a  European 
engine,  for  its  capacity  is  8  cubic  metres  (283  cubic  feet),  the  grate  area  is  3  square 
metres  (32*29  square  feel),  the  healing  surface  244  square  metres  (2,626'49  square 
feet)  of  which  12  square  metres  (129*17  square  feet)  belong  to  the  fire-box.  The 
tubes,  of  which  there  are  130,  are  4*75  metres  (IS  ft.  7  in.)  long  and  70  millimetres 
(2  3/4  inches)  in  external  diameter.     They  are  Serve  tubes. 

The  intention  was  to  build  a  locomotive  capable  of  hauling  1,000  tons  (984  English 
tons)  up  a  gradient  of  10  per  mil  at  a  speed  of  25  kilometres  (15*5  miles)  an  hour, 
and  the  same  load  at  between  4S  and  50  kilometres  (between  28  and  31  miles)  an 
hour  on  lines  without  gradients  exceeding  5  per  mil.  With  this  object  the  dia- 
meter of  the  driving  wheels  was  1  455  metre  (4  ft.  9  ^/jg  in.). 

The  boiler  of  the  locx)motive  is  carried  on  two  independent  bogies  and  this  is 
what  differentiates  it  from  a  Mallet  engine. 

For  the  two  ordinary  bolsters  is  substituted  a  simple  central  beam  which  carries 
the  boiler.  Behind,  this  beam  is  provided  with  two  cross-pieces  and  these,  through 
pivots,  are  carried  on  four  supports  attached  to  the  bogies.  The  boiler  therefore 
rests  behind  on  these  four  supports  and  on  the  pivot  of  the  bogie.  In  front  it  rests 
solely  through  the  pivot  of  the  bogie  which  is  spherical.  Like  the  Baltimore  &  Ohio 
engine  mentioned  by  Muhlfeld  in  his  interesting  report,  the  two  motor  bogies  are 
six  wheel  coupled.  In  order  to  avoid  difficulties  with  the  cylinders  and  to  limit  the 
adhesive  weight  to  15  tons  (148  English  tons)  per  driving  or  coupled  axle,  an  extra 
carrying  axle  has  been  added  per  bogie  behind  each  cylinder. 

In  order  to  steam  properly,  the  high  pressure  cylinders  are  carried  on  the  trailing 
bogie  and  the  low  pressure  ones  on  the  leading  bogie.  The  steam  is  carried  to  the 
H.  P.  cylinders  through  the  pivot  of  the  trailing  bogie.  From  the  H.  P.  cylinders 
the  steam  is  conveyed  to  the  L.  P.  cylinders  through  ringed  metallic  pipes. 

The  total  length  of  the  engine  is  16  18  metres  (53  ft.  1  in.)  and  it  weighs  78  tons 
(76-8  English  tons)  empty.  In  working  order  it  weighs  105  tons  (1033  English 
tons).     Its  tractive  power  is  12800  tons  (28,220  lb.). 

Mr.  Flobert,  Northern  of  Spain  Railway.  (In  French.)  —  Like  almost  all  other 
companies,  we  have  been  induced  to  study  the  problem  of  engines  of  high  power 
and  the  following  is  the  solution  at  which  we  have  arrived  :  the  engine  designed 
by  my  company  is  intended  for  hauling  coal  trains  at  a  speed  of  20  kilometres 
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(12*4  miles)  an  hour  on  a  line  with  a  continuous  grade  of  2  per  cent  and 
numerous  curves,  the  radius  of  which  is  usually  300  metres  (984  feet),  but  sometimes 
as  low  as  230  metres  (820  feet).  This  engine  is  composed  of  two  locomotives  with 
three  coupled  axles  and  pony  truck  ahead,  coupled  to  a  single  rear  tender.  The 
adhesive  weight  is  84  tons  (82*7  English  tons);  the  total  weight  of  the  whole  engine 
is  120  tons  (118  English  tons) ;  the  total  length  is  2S  metres  (82  feet),  which  corres- 
ponds to  a  load  of  14  tons  (13'8  English  tons)  on  each  driving  axle  and  4,800  kilo- 
grams per  metre  run  (3,220  pounds  per  foot)  of  total  engine  length,  which  figure 
cannot  be  exceeded  owing  to  the  limitations  imposed  by  the  dimensions,  etc.,  of  the 
track.  The  tractive  power  is  12,000  kilograms  (26,450  pounds).  It  takes  one  driver 
and  two  firemen  to  handle  the  engine. 

I  am  not  giving  these  data  as  an  example  to  be  followed,  but  simply  as  a  piece  of 
information. 

We  have  not  adopted  the  compound  system  for  the  following  reasons.  First  we 
run  through  a  mining  district  where  coal  is  as  cheap  as  it  can  be,  and  secondly  our 
stiirt  is  ill-educated  and  we  are  afraid  that  inconveniences  might  arise  on  this 
account. 

Moreover,  one  of  the  great  advantages  of  two-cylinder  compounds  is  that  at  any 
given  moment  you  can  put  a  great  strain  on  them.  On  the  section  upon  which 
these  engines  are  to  be  used,  there  is  a  continuous  gradient  of  20  per  mil  and  conse- 
quently sudden  strains  are  not  necessary. 

As  I  am  speaking,  I  may  as  well  reply  to  a  question  that  was  put  about  methods 
of  preventing  fires  caused  by  sparks.  We  have  had  to  pay  considerable  claims  on 
this  account.  For  the  last  year  we  have  been  trying  an  arrangement  with  double 
lattice  work  screens;  it  has  succeeded  admirably  and  we  have  decided  to  equip  all 
our  engines  with  them. 

The  President.  (In  French.)  —  With  a  view  to  terijiinating  this  very  interesting 
discussion,  your  secretaries  have  drawn  up  some  very  concise  conclusions  which 
will  now  be  read. 

It  will  probably  be  advisable  to  add  a  few  lines  with  reference  to  what  has  been 
said  this  afternoon,  especially  as  regards  piston  valves. 

If  you  approve  the  conclusions  as  suggested  we  shall  submit  them,  with  a  few 
necessary  formal  alterations,  to  the  general  meeting  which  will  finally  consider 
them. 

Mr  Paul  Dubois,  secretary,  —  The  following  are  the  conclusions  : 

**  The  power  of  locomotives  is  more  limited  in  Europe  than  in  America,  owing  to 
the  lower  allowance  of  weight  per  axle. 

"  European  engineers  generally  agree  in  thinking  that  compounding  admits  of 
the  construction  of  engines  giving  the  maximum  power  and  economy. 

**  This  system  utilizes  the  steam  very  well  and  does  not  appear  to  increase  to  any 
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noticeable  extent  the  cost  of  maintenance  of  locomotives;  it  does  make  the  main- 
tenance of  the  boilers  more  difficult,  but  that  is  due  to  their  increased  size  and 
higher  working  pressure,  which  ^re  necessary  in  all  cases.  Almost  all  locomotives 
built  in  France  in  recent  years  have  four  balanced  cylinders.  These  engines,  as 
well  as  compound  engines  of  other  systems,  are  also  employed  in  other  European 
countries,  especially  Germany,  Austria,  Spain,  etc.  Several  engineers  in  Great 
Britain  and  Ireland  express  equal  satisfaction  from  their  use  and  insist  on  the  advan- 
tage of  separating  the  high  and  low  pressure  machinery.  A  liumber  of  American 
engineers  also  express  opinions  favorable  to  compound  locomotives,  which  have 
given  satisfactory  results  on  the  Atchison  Topeka  &  Santa  Fe  Railway;  the  sentiment 
on  this  matter  is,  however,  less  unanimous  in  the  United  States  than  in  Europe. 
The  Congress  has  been  informed  of  experiments  made  in  New  Zealand  with  four- 
cylinder  compound  locomotives. 

"  The  introduction  of  American  locomotives  in  Europe  and  European  locomotives 
in  America,  has  had  the  advantage  of  making  known  on  both  sides  some  interesting 
details  of  construction,  particularly  the  light  weight  of  the  parts  of  European 
locomotives,  and  the  syphon  and  sight  feed  lubricators  of  American  locomotives. 

"  Applications  of  superheated  steam  seem  to  increase  in  number,  especially  in 
America  and  in  Germany,  and  seem  to  give  good  results. 

"  The  constantly  increasing  use  of  cast  steel  is  observed,  which  in  the  United 
States  has  even  been  tried  for  cylinders. 

"  The  use  of  the  Walschaerts*  motion  gear  is  extending  in  the  United  States. 

"  A  number  of  tests  of  automatic  stokers  have  been  made  in  the  United  States  but 
as  yet  the  results  have  not  been  definite.  It  has  also  been  found  that  without  the 
aid  of  these  devices,  but  with  proper  arrangements  of  grates,  the  heaviest  firing 
necjessary  at  the  present  time  can  be  eifected  without  difficulty. 

*"  Finally,  the  Section  has  examined  the  use  of  articulated  locomotives  of  great 
power  on  lines  of  irregular  grades,  particularly  Mallet  locomotives  and  thos6 
designed  by  the  French  Northern  and  Northern  of  Spain  Railways.  " 

The  President.  (In  French.)  —  Mr.  Muhlfeld  asks  me  once  again  to  call  attention 
to  the  necessity  of  taking  more  pains  about  the  details  of  the  construction  and 
the  maintenance  of  American  locomotives. 

It  seems  to  me  that  this  would  be  laying  too  much  stress  upon  a  point  which 
may  have  arisen  occasionally  but  which  is  not  general.  It  can  be  easily  understood 
that  a  few  orders  may  have  been  carried  out  too  hurriedly  in  the  United  States;  this 
occurs  even  in  Europe  where  orders  are  however  less  numerous.  Unquestionably 
our  engines  are  not  perfect  and  can  always  be  improved.  That  is  true  of  everything 
and  to  mention  it  in  one  of  our  conclusions  would,  it  seems  to  me,  be  evidence  of 
superfluous  modesty.  We  do  not  claim  to  produce  finality,  but,  on  the  other  hand, 
need  we  state  that  American  engines  require  revision  in  detail?  If  we  are  to  accept 
a  conclusion  of  this  kind  it  must  be  drawn  up  in  a  very  mild  form. 


Digitized  by 


Google 


—  'H59  — 

I  wish  members  would  express  their  general  views  as  to  whether  the  proposed 
coDclasioQs  reflect  the  opinions  of  the  meeting  clearly.  1  should  like  to  know  now 
whether  any  delegates  desire  to  offer  remarks  on  the  resolutions  which  have  just 
been  read  before  they  are  finally  edited  for  the  general  meeting  Does  any  one  wish 
to  suggest  any  alteration,  verbally  or  otherwise,  before  the  resolutions  are  submitted 
next  week  to  the  general  meeting. 

Mr.  F.  G.  Wright.  —  Mr.  Chairman,  I  might  mention  that  mechanical  stokers 
have  been  tried  on  the  Great  Western  Railway  of  England  as  well  as  in  America. 

The  President.  —  Yes,  and  without  success? 

Mr.  F.  G.  Wright.  —  I  wouldn't  put  it  **  without  success  "  —  "  they  have  been 
tried  ". 

The  President.  —  If  no  one  has  any  further  observations  to  make,  the  resolutions 
will  then  be  edited,  and  go  in  practically  as  they  are. 

Mr.  F.  G.  Wright.  —  Would  it  be  impossible  for  the  members  to  see  them  before 
they  are  finally  passed?    You  see,  it  is  rather  difficult  to  follow  them  very  closely 

The  President.  —  You  will  be  able  to  see  them  at  the* beginning  of  the  next 
meeting,  that  is,  on  Monday  morning,  if  you  will  come  a  little  before  the  time. 

Mr.  J.  E.  Muhlfeld,  reporter.  —  From  conversations  I  have  had,  and  arguments 
made  on  the  question,  1  think  the  general  opinion  is  that  a  little  more  care  should 
be  taken  in  America  in  the  design,  construction,  maintenance  and  operation  of  the 
modern  locomotives  than  has  been  taken  in  the  past,  it  appears  that  the  details  in 
all  countries  have  not  been  worked  out  to  the  very  best  advantage  in  all  cases,  and  I 
think  the  matter  in  every  respect  ought  to  be  gone  into  a  little  more  thoroughly. 
I  know  we  are  of  that  opinion  here,  and  I  think  from  what  some  of  the  members 
here  have  stated  to-day,  and  the  experiences  they  have  gone  through  with,  that  it 
can  be  pretty  well  followed  out  not  only  in  America  but  in  other  countries. 

The  President.  —  Although  Mr.  Muhlfeld  appears  very  modest  about  what  has  been 
done  over  here,  he  certainly  shows  in  his  paper  that  a  great  deal  of  very  splendid 
work  has  been  done,  and  although  there  may  be  some  truth  in  his  statement  that 
more  cai*e  should  be  taken  in  detail,  still  that  should  not  lead  us  to  suppose  that  he 
himself  and  his  American  colleagues  have  not  obtained  very  remarkable  results. 

Mr.  Bowjian  Malcolm.  —  Would  not  that  kind  of  a  resolution,  Mr.  Chairman,  be 
tantamount  to  saying  that  the  locomotive  engineers  have  not  been  doing  their  duty 
in  the  past?  and  so  far  as  I  am  concerned  personally,  I  am  not  prepared  to  agree  to 
that,  i  do  not  know  what  is  the  feeling  of  my  friends,  but  speaking  as  a  Britisher, 
I  think  we  work  out  our  details  very  well.  If  we  do  not,  certainly  it  is  not  from  want 
of  pressure  of  business,  or  want  of  time  or  of  strict  attention  to  every  matter  of 
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detail.  I  can  quite  understand  that  had  the  same  tremendous  pressure  been  brought 
upon  us,  that  has  evidently  been  brought  upon  the  American  railway  companies, 
due  to  the  rapid  growth  of  traffic,  we  might  possibly  have  had  to  adopt  the  same 
measures  temporarily. 

The  President.  (In  French.)  —  That  would  really  mean  laying  greater  stress  on 
Mr.  Muhlfeld's  observation  than  he  means  to  convey.  He  has  just  told  me  so 
himself. 

—  As  no  one  else  desired  to  speak,  the  conclusions  were  put  to  the  meeting  and 
adopted. 

The  next  meeting  will  take  place  on  Monday  next,  in  this  hall,  at  9.30  in  conjunc- 
tion with  the  S^  section. 

Mr.  F.  G.  Wright.  —  I  should  like  to  ask  one  question  before  we  go.  Can  any 
American  locomotive  engineer  tell  me  what  is  the  limit  of  weight  allowed  on  any 
one  pair  of  wheels  and  what  is  the  limit  of  the  total  weight  of  the  locomotive? 

Mr.  J.  E.  Muhlfeld.  —  The  limit  on  one  pair  of  wheels  at  the  present  time  is 
about  62,000  pounds  fgr  a  pair  of  driver  wheels.     That  is  about  the  highest. 

Mr.  F.  G.  Wrig^ht.  —  What  is  the  total  weight? 

Mr.  J.  E.  Muhlfeld.  —  Total  weight  on  the  driver  wheels? 

Mr.  F.  G.  Wright.  —  Total  weight  of  the  engine  itself. 

Mr.  J.  E.  Muhlfeld.  —  Oh,  the  total  weight  of  the  engine  itself?  Over  what  wheel- 
base? 

Mr.  F.  G.  Wright.  —  Over  the  longest  wheelbase  you  have. 

Mr.  J.  E.  Muhlfeld.  —  Distributed  over  30  ft.  6  in.  wheelbase,  334,500  pounds. 

—  The  meeting  adjourned  at  12.30. 
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DISCUSSION  AT  THE  GENERAL  MEETING 


Meeting  held  on   May   11,   1905  (afternoon). 

Mr.  Stuyvesant  FISH,  president,  in  the  chair. 

General  secretary  :  Mr.  L.  WEISSENBRUCH. 

Associate  general  secretary  :  Mr.  W.  F.  ALLEN. 

Tbe  President  read  the 

Report  of  the  2""*  section. 

(See  the  Daily  Journal  of  the  session^  No.  3,  p.  41,  No.  4,  p.  69,  No.  5,  p.  8S,  and 
No.  7,  p.  129.) 

"  Mr.  J.  E.  Ml'hlfeld  read  an  abstract  of  his  report. 

"  The  conclusions  of  this  report  are  as  follows  : 

"  1*  Locomotives  of  great  power,  within  the  present  clearance  and  weight  limits^ 
may  be  designed  and  constructed  to  remain  modern  for  several  years  and  produce  a 
higher  average  speed  and  tractive  power  with  less  cost  for  locomotive  expenses  per 
unit  of  power  developed,  than  that  given  by  locomotives  of  large  capacity  in  use 
to-day  or  from  the  previous  lighter  equipment. 

**  2*^  The  efficiency  and  economy  predicted  and  anticipated  from  the  use  of  loco- 
motives of  great  power  have  not  been  attained.  Their  development  has  been  too 
rapid  on  the  basis  of  the  theoretical  calculations  which  did  not  include  the  necessary 
factorsior  practical  results,  and  also  owing  to  the  disregard  of  simplicity  in  design, 
substantia]  maintenance  and  speed  as  elements  of  economy. 

"  3<*  Locomotives  of  comparatively  recent  construction  have  been  built  without 
proper  consideration  for  the  use  of  railroad  standard  designs,  specifications,  prac- 
lices  and  processes  which  continued  experience  may  have  determined  to  be  more 
suitable  and  interchangeable  than  the  standards  of  locomotive  builders. 

"  4"  The  present  ineffective  load  should  be  reduced  by  the  use  of  design  and 
material  which  will  combine  the  least  weight  and  greatest  desired  strength. 
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"  5*^  The  elimination  of  those  individual  preferences,  patented  devices,  fads  and 
frills  which  have  no  real  value,  by  the  use  of  simple,  practical  design  and  construc- 
tion, will  produce  more  satisfactory  general  results. 

"  6®  The  mechanical  department  supervision  has  often  been  curtailed  when 
expansion  of  organization  and  direct,  mechanical  control  should  have  been  given 
to  insure  the  desired  performance.  Changes  in  organization  and  methods  have 
frequently  been  effected  in  preference  to  conservative  management,  with  instruction, 
education  and  substantial  recognition  for  the  deserving  rank  and  file. 

"  ?*»  The  locomotive  maintenance  and  dispatch  facilities  have  not  always  been 
developed  to  meet  the  proportionate  increase  in  the  locomotive  dimensions,  capa- 
-city  and  requirements,  while  slow  line  movement  has  made  it  necessary  to  increase 
average  mileage  by  reducing  terminal  mechanical  delay,  during  a  period  when  more 
opportunity  for  maintenance  and  handling  has  been  essential 

"  8®  The  tonnage  hauled  per  train,  has  frequently  precluded  the  making  of  an 
average  speed  between  initial  and  destination  terminals  that  would  be  productive 
of  efficiency  and  economy  in  locomotive  operation. 

"  9**  Decreased  efficiency  has  resulted  from  the  irregular  transferring  and  crewing 
of  locomotives  for  long  runs.  The  regular  assignment  of  crews  to  locomotives  and 
of  suitable  locomotives  to  shorter  runs  on  regular  districts,  should  accomplish  the 
best  results. 

"10**  Provision  for  the  cleanliness  and  care  of  employees  and  equipment  on  the 
line  and  at  terminals,  should  receive  more  consideration. 

"  11*»  Personal  supervision  and  investigation  should  govern  in  the  construction 
and  operation  of  locomotives  of  great  power,  whilst  statistical  information  and 
correspondence  should  be  limited  and  used  with  caution.  " 

*'  The  President  invited  discussion  qf  the  various  conclusions  in  this  report. 

"  Mr.  J.  F.  Deems  {New  York  Central  &  Hudson  River  Railroad)  stated  that  he 
fully  agreed  with  Mr.  J.  E.  Muhlfeld  that  it  is  not  desirable  to  consider  solely  the 
economical  operation  of  locomotives,  but  the  entire  railway  as  a  whole,  constitut- 
ing a  means  of  transportation  affording  the  most  advantageous  service. 

"  He  then  examined  different  special  points,  especially  the  use  of  devices  for 
increasing  friction  at  starting,  which  in  his  opinion  have  not  as  yet  given  all  the 
results  that  might  be  expected.  He  then  spoke  of  mechanical  stokers,  w^hich  it 
would  be  also  interesting  to  see  tested  further.  A  discussion  ensued  on  the  use  of 
these  devices,  in  which  a  prominent  part  was  taken  by  Messrs.  J.  E.  Muhlfeld, 
D.  F.  Crawford  (Pennsylvania  Lines  West  of  Pittsburgh),  F.  G.  Wright  (Great  West- 
ern Railway,  England),  Alfred  W.  Gibds  (Pennsylvania  Railroad),  Th.  Laurent 
(Orleans  Railway).  The  conclusion  arrived  at  was  that  up  to  the  present  time,  these 
mechanical  stokers  do  not  appear  to  have  secured  any  considerable  saving  of  fuel 
and  are  still  in  the  experimental  stage;  furthermore,  they  seem  to  have  given  only 
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mediocre  results  in  England  on  the  Great  Western  Railway,  and  Mr.  J.  E.  Muhlfeld 
expressed  his  belief  that  the  hardest  service  required  of  locomotives  of  the  existing 
types  can  be  secured  without  the  use  of  these  devices.  It  would  be  very  interesting, 
however,  to  continue  experiments  along  this  line. 

"  Mr.  J.  F.  Deems  made  some  remarks  on  the  most  desirable  forms  of  fire-boxes. 
He  has  ascertained  that  narrow  fire-boxes  wear  out  less  quickly  than  wide  ones, 
although  the  latter  in  certain  cases  appear  to  be  essential  in  order  to  secure  the 
necessary  amount  of  grate  surface.  He  cited  also  a  number  of  cases  of  breakage  of 
cylinders  which  might  unquestionably  have  been  avoided  by  the  use  of  pressed  steel. 

**  Mr.  R.  P.  C.  Sanderson  [Seabord  Air  Line  Railway)  recommended  at  all  events 
the  use  of  hard  cast  cylinders  with  soft  cast  jackets. 

*^  Ideas  were  exchanged  in  regard  to  the  use  of  the  compound  system,  which 
appears  to  have  been  confined  in  America  until  recently  almost  exclusively  to  two- 
cylinder  engines  or  fourrcylinder  engines  without  crank  axles. 

"  The  reporter  was  of  the  opinion  that  increased  engine  capacity  could  be  best 
attained  by  compounding,  but  his  opinion  did  not  appear  to  be  shared  by  the 
majority  of  the  American  representatives  who  took  part  in  the  discussion.  Some 
stated  they  were  not  yet  prepared  to  express  an  opinion  on  this  subject.  The  saving 
secured  by  compound  engines  appeared  also  less  noticeable  on  lines  of  irregular 
grades  than  on  lines  of  light  grades,  and  the  decreased  consumption  of  fuel  is 
largely  made  up  by  the  increased  cost  of  maintenance. 

"  While  admitting  the  merit  of  the  compound  system  with  four  balanced  cylin- 
ders, Mr.  J.  F.  Deems  expressed  fears  on  the  subject  of  durability  of  crank  axles, 
even  when  made  from  special  grades  of  steel,  owing  to  the  very  great  increase  in 
the  power  of  the  engines. 

"  Mr.  II.  H.  Vaughan  (Canadian  Pacific  RailtOay)  stated  he  had  had  an  extensive 
experience  with  two-cylinder  compound  locomotives,  and  had  noted  in  certain  cases 
a  saving  of  fuel,  but  also  an  increased  cost  of  maintenance.  He  thought  the  use  of 
superheating  would  give  better  results  and  he  estimated  at  10  per  cent  the  saving  of 
fuel  thereby  secured  in  connection  with  two-cylinder  compound  engines.  Data 
supplied  from  various  roads,  showed  that  there  will  soon  be  in  operation  in 
America  hundred  and  ten  locomotives  fitted  with  superheaters. 

**  Referring  to  remarks  made  by  the  reporter  regarding  the  insufficient  investi- 
gation of  certain  details  of  high  power  engines,  Mr.  J.  F.  Deems  called  attention  to 
the  fact  that  these  investigations  were  often  rendered  impossible  by  the  haste  with 
which  orders  had  to  be  placed  owing  to  the  requirements  of  traffic. 

**  After  some  remarks  by  Mr.  A.  Buchanan  {Central  Vermont  Railway)  and 
Mr.  F.  H.  Clark  (Chicago  y  Rur  ling  ton  &  Quincy  Railway),  Mr.  A.  Lovell  (Atchison^ 
Topeka  &  Santa  Fe  Railway)  reported  experiments  carried  out  successfully  on  his 
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system  for  the  comparison  of  compound  and  ordinary  engines  under  identical 
conditions  doing  the  same  kind  of  work.  These  experiments  have  proved  that  the 
compound  engines  were  more  economical  as  to  the  expense  in  fuel,  but  that  their 
maintenance  was  slightly  higher.  Noting  especially  the  comparative  experiments 
made  between  simple  and  compound  engines  with  four  balanced  cylinders,  both 
using  liquid  fuel,  these  have  demonstrated  that  for  long  and  heavy  hauls  simple 
expansion  engines  cannot  carry  the  same  load  as  the  compound  engines  and  that 
the  latter  have  shown  a  saving  in  fuel  of  20  to  25  per  cent  with  respect  to  the  for- 
mer. In  this  special  case,  it  has  been  observed  that  the  boilers  of  the  simple  expan- 
sion engines  require  more  frequent  repairs  than  those  of  the  compound  engines. 
This  was  due  to  the  fact  that  the  fire  had  to  be  forced  to  produce  sufficient  steam. 

"  Mr.  A.  LovELL  thought  positively  that  there  is  little  difference  between  the  cost  of 
maintenance  of  compound  engines  and  simple  expansion  engines,  and  if  an  increase 
in  these  expenses  is  observed,  it  is  chiefly  due  to  the  increase  in  the  power  of  the 
engines.  He  further  added  that  the  fears  expressed  by  Mr.  J.  F.  Deems  as  to  crank 
axles  do  not  appear  to  him  to  be  justified. 

"  Mr.  E.  Sauvage  read  the  conclusions  of  his  report. 

"  These  conclusions  are  the  following  : 

"  a)  Wheel  loads.  — An  important  point  in  considering  locomotives  of  great  power 
is  the  wheel  load  permissible.  Most  of  the  lines  of  any  importance  allow  at  least 
7-5  English  tons;  frequently  the  limit  is  8*5  to  9  tons.  It  is  40  English  tons  on 
several  English  railways ;  in  the  United  States  there  are  instance  where  higher  wheel 
loads  are  admitted.  If  we  limit  ourselves  to  the  continent,  wheel  loads  hardly 
exceed  9  tons  (8*86  English  tons).  But  it  is  probable  that  the  traffic  of  trunk  lines 
will  require  a  new  increase  in  the.power  of  locomotives  for  fast  trains,  so  that  it  will 
be  desirable  to  have  tracks  which  can  stand  wheel  loads  of  10  tons  (9*84  English 
tons).  However,  in  order  not  to  fatigue  the  rails  too  much,  it  might  be  specified 
that  this  limit  of  10  tons  (9*84  English  tons)  is  only  allowed  in  the  case  of  locomo- 
tives constructed  so  as  to  keep  within  sufficiently  narrow  limits,  at  the  highest 
speeds,  the  variations  of  load  which  are  produced  at  each  revolution  of  the  wheels. 

"  b)  Gauge  of  the  tracks.  —  The  power  of  locomotives  built  for  tracks  of  wider 
gauge  than  the  standard,  which  are  used  in  some  countries  (Spain,  Portugal,  Ire- 
land, Empire  of  India,  Russia)  does  not  exceed  that  of  locomotives  running  on  stand- 
ard gauge  tracks.  In  order  to  benefit  by  the  wider  gauge,  it  would  be  necessary 
for  the  track  to  stand  heavier  wheel  loads. 

"  c)  Diameter  of  driving  wheels.  —  The  diameter  of  the  wheels  hardly  exceeds 
2  metres  (6  ft.  6  3/^  in.)  with  the  fastest  locomotives;  at  most  it  amounts  to  2*10  or 
2-15  metres  (6  ft.  10  *Vi6  ^^'  or  7  ft.  ^/s  in.).  Very  high  speed  locomotives  often 
have  wheels  of  a  less  diameter  than  2  metres  (6  ft.  6  3/^  in.).  This  results  in  more 
than  300  revolutions  per  minute  (this  corresponds  to  a  speed  of  113  kilometres 
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[70-2  miles]  per  hour  with  2  metre  [6  ft.  6  3/^  in.]  wheels).  It  would  be  desirable 
not  to  exceed  this  limit,  in  oder  not  to  have  too  much  wire-drawing  of  steam  ;  but 
the  disadvantages  of  large  wheels  are  too  great  now-a-days.  There  would  be  an 
excessive  increase  in  the  weight  of  the  locomotives  and  in  the  weight  not  carried 
on  springs,  and  it  would  be  necessary,  as  in  the  old  locomotives,  to  reduce  the  dia- 
meter of  the  boilers.  The  disadvantages  of  great  angular  speeds  is  counteracted  by 
giving  large  cross-sections  to  the  steam  passages,  particularly  by  using  piston  valves. 
"  On  the  other  hand,  with  locomotives  having  six  or  eight  coupled  wheels^  very 
small  diameters  are  not  used;  the  diameter  is  hardly  ever  less  than  1*4  metre  (4  ft. 

TVs  in.). 

"  d)  Material  used.  —  The  tendency  is  to  use  metals  of  good  commercial  quality; 
the  use  of  exceptional  qualities,  e.  g.  of  nickel  steel,  is  very  exceptional  and  does  not 
appear  to  be  extending.  The  applications  of  steel  castings  are  becoming  more  and 
more  numerous  and  varied. 

"  e)  Boilers.  —  In  the  case  of  boilers,  a  grate  area  of  3  square  metres  (32-29  square 
feet),  with  a  heating  surface  of  7S  to  80  times  the  size,  is  obtained  by  the  usual  con- 
struction, with  narrow  fire-box.  It  appears  to  be  difficult  to  obtain  a  much  larger 
grate  area  on  this  plan,  and  this  leads  to  the  use  of  fire-boxes  extending  over  the 
wheels.  The  large  diameter  wheels  of  the  high  speed  locomotives  must  then  be 
below  the  barrel  of  the  boiler ;  this  can  be  done  in  the  case  of  the  A  tlantic  type.  In 
Europe,  several  applications  of  these  extended  fire-boxes  now  begin  to  be  seen,  and 
it  is  probable  they  will  multiply.  For  a  long  time,  hesitation  was  shown  in  placing 
the  grate  above  an  axle;  particulary  in  England ;  now,  that  position  of  the  grate  is 
generally  accepted.  No  doubt  the  same  will  happen  with  regard  to  the  extension  of 
the  fire-box  above  the  wheels. 

**  Very  high  pressures  (ii  to  16  kilograms  per  square  centimetre  [199  to  228  pounds 
per  square  inch])  are  used  at  present,  particularly  with  compounds.  They  necess- 
arily involve  an  increased  cost  of  maintenance  of  the  boilers. 

"  Serve  ribbed  tubes  are  generally  used,  particularly  in  France;  they  are  useful  by 
making  it  possible  to  have  a  larger  heating  surface  with  a  boiler  of  given  size.  The 
tubes  must  be  cleaned  out  frequently  and  with  care. 

**  f)  Compound  system.  —  As  a  general  rule,  it  is  well  established  that  the  com- 
pound system  results  either  in  a  certain  economy  of  fuel  for  the  same  power,  or  more 
frequently  in  an  increased  power  for  the  same  fuel  consumption.  In  some  few 
cases,  these  advantages  have  not  been  realized ;  this  may  depend  on  the  particular  use 
made  of  the  locomotives  or  to  some  defects  in  the  application  of  the  system. 

"  The  use  of  four  separate  cylinders,  acting  by  twos  on  cranks  placed  at  i  80  degrees 
to  each  other,  makes  it  possible  to  obtain  greater  power  without  fatiguing  the 
mechanism  too  much ;  this  arrangement  balances  the  reciprocating  masses,  without 
producing  vertical  disturbances.  As  far  as  possible,  the  cylinders  must  act  on  two 
different  axles,  but  these  are  coupled  up. 

"  It  is  advisable  that  each  system  should  have  a  valve  gear  of  its  own,  and  that  it 
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should  be  possible  to  operate  independently  the  reversin'g  shafts  belonging  to  the 
two  groups  of  cylinders,  high  pressure  and  low  pressure. 

^  g)  Valve  gear.  —  No  mechanism  has  succeeded  in  replacing  the  valve  gear  con- 
sisting of  a  slide  valve  and  link  motion.  The  link  motions  most  generally  used  are 
Stephenson's  and  Walschaerts'.  Valve  gear  without  eccentrics  has  the  disadvantage 
of  being  disturbed  by  vertical  displacement  of  the  axles. 

"  The  only  modification  of  these  ancient  systems,  at  all  common,  is  the  replacement 
of  flat  slide  valves  by  piston  valves,  which  reduce  friction,  and  consequently  wear, 
and  make  it  possible  to  arrange  larger  passages  for  the  steam.  On  the  other  hand, 
a  piston  valve  may  leak;  it  makes  it  absolutely  necessary  to  have  a  valve  for  admit- 
ting air  to  the  valve  chest  for  running  with  regulator  closed,  ant  it  is  advisable  to 
fit  relief  valves  on  the  cylinder  ends. 

"  h)  Motion,  —  Tail  rods  arc  to  be  recommended  as  soon  as  the  diameter  of  the 
cylinders  attains  or  exceeds  500  millimetres  (1  ft.  7  ^Vsx  ^^-i*  The  lubrication  of 
the  slide  valves  and  pistons  is  ensured  in  a  continuous  manner  by  lubricator  pumps 
or  by  sight  feed  lubricators,  placed  under  the  eyes  of  the  crew. 

"  i)  Power  of  locomotives,  —  With  the  present  limits  of  weight  admitted  on  the 
main  European  systems,  locomotives  can  be  built,  thanks  to  the  use  of  high  press- 
ures and  the  compound  system,  giving  1,500  to  2,000  indicated  horse-power  (1,480 
to  1,973  indicated  British  horse-power). 

"  j)  Locomotives  for  high  speed  trains,  —  For  heavily  loaded  high  speecl  trains, 
locomotives  of  the  Atlantic  type  or  locomotives  with  six  large  coupled  wheels  are 
used.  The  choice  between  the  two  types  depends  on  the  nature  of  the  service,  on 
the  profile  of  the  lines,  and  also  on  the  maximum  wheel  load  allowed. 

"  k)  Locomotives  for  general  purposes,  —  The  locomotive  with  six  coupled  wheels 
and  bogie,  the  wheels  having  a  diameter  of  1*5  to  1*8  metre  (4  ft.  11  in.  to  5  ft. 
10  "^/g  in.),  is  eminently  suitable  for  a  passenger  train  service,  and  the  same  loco- 
motive can  also  haul  goods  trains  satisfactorily. 

"  1)  Locomotives  for  heavy  goods  trains.  —  For  heavy  goods  trains,  there  is  a 
return  to  locomotives  with  eight  coupled  wheels,  by  preference  with  a  leading  pair 
of  carrying  wheels.  These  locomotives  can  exercise  tractive  eflbrts  of  more  than 
10,000  kilograms  (22,000  pounds) ;  they  are  limited  by  the  strength  of  the  couplings 
used  in  Europe. 

"  m)  Tank  locomotives.  —  A  very  fair  amount  of  attention  is  being  paid  to  the 
design  of  tank  locomotives  with  six  or  even  eight  coupled  wheels,  either  for  subur- 
ban train  services,  where  very  quick  starting  is  necessary,  or  for  very  long  distance 
runs.  A  leading  pair  of  wheels  or  bogie  is  added  either  at  one  end,  or  at  both, 
according  to  the  nature  of  the  service.  Having  two  bogies,  however,  results  in 
having  very  long  and  very  heavy  locomotives. 

"  For  the  convenience  of  the  service,  these  locomotives  have  long  foot-plates  for 
the  crew,  and  carry  large  quantities  of  water  and  particularly  of  fuel,  at  least  as 
much  as  is  carried  in  the  small  separate  tenders  which  are  still  in  use. 
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^  n)  Locomotives  with  flexible  wkeelbase.  —  The  only  type  of  powerful  locomotive 
with  its  whole  weight  adhesive  and  arranged  to  run  over  specially  sharp  curves, 
which  is  largely  used,  is  the  Mallet  type.  However,  most  railways  content  them- 
selves with  locomotives  of  the  ordinary  types,  without  flexible  wheelbase. 

"  o)  General  remarks.  —  The  railway  industry  does  not  escape  a  law  to  which 
nearly  all  industries  are  subject,  owing  to  the  rapid  progress  made  in  engineering, 
of  almost  continuously  modifying  its  stock.  As  soon  as  new  locomotives  have  been 
designed,  which  are  very  superior  to  those  used  previously,  one  is  tempted  to  think 
that  to  some  extent  finality  has  been  reached,  or  at  least  that  during  a  suflSciently 
long  period  it  will  be  possible  to  do  without  any  new  designs.  It  appears  very 
tempting  to  keep  for  a  long  time  to  standard  types,  which  are  cheaper  to  build  and 
easier  to  maintain ;  but  progress,  which  does  not  stop,  hardly  allows  definite  types 
to  be  determined. 

"  Thus  on  European  railways,  we  find  locomotives  running  developing  1,500  and 
even  more  indicated  horse-power  (1,480  and  even  more  indicated  British  horse- 
power); but  the  continual  increase  in  train  weights  and  train  speeds  makes  it 
necessary  to-day  to  look  for  still  more  powerful  locomotives,  if  not  for  actually 
existing  needs,  then  at  least  for  the  needs  of  the  immediate  future. 

"  But  the  old  stock  need  not,  therefore,  be  given  up  entirely,  and  the  variety  of 
existing  railway  services  makes  it  possible  to  utilise  locomotives  well  which  are 
already  of  older  date,  but  care  must  be  taken  that  the  unavoidable  age  of  such  loco- 
motives, which  is  the  result  of  the  efflux  of  time,  is  not  increased  by  an  artificial  age, 
by  making  them  several  years  old  already  when  building  them.  " 

"  The  conclusions  of  this  report  were  then  opened  for  discussion  jointly  with 
those  of  Mr.  J.  E.  Muhlfeld's  report. 

"  Mr.  MoFFRE  {French  Midi  Railway)  stated  that  if  some  American  engineers 
find  compound  engines  of  small  advantage  because  the  increase  in  the  cost  of 
maintenance  exceeds  the  economy  in  fuel,  this  opinion  is  not  shared  either  by  the 
French  engineers  nor  by  the  engineers  of  the  adjacent  countries.  It  is  true  that  a 
comparison  is  often  difficult,  as  there  are  no  engines  exactly  similar  and  doing 
exactly  the  same  work.  On  the  Midi  Railway,  he  had  occasion  to  compare  ordinary 
engines  with  double  cylinder  compound  engines  which  were  rebuilt  from  the  former 
and,  therefore,  had  exactly  the  same  boilers;  this  comparison  has  shown  an  economy 
of  20  per  cent  in  fuel  in  favor  of  the  compound  engines.  In  France,  the  arrange- 
ments with  four  balanced  cylinders  is  generally  preferred,  as  it  is  thought  to  give 
a  better  distribution  of  work  and  a  balancing  of  parts  in  the  alternating  move- 
ment. 

"  Mr.  Moffre  also  thought  that  if  compounding  should  at  some  time  be  abandoned 
for  superheating,  the  arrangement  in  four  cylinders  will  still  be  the  best.  As  to  the 
question  of  crank  axles,  it  does  not  exist  in  Europe,  where  axles  of  ordinary  steel 
can  be  seen  seven  or  eight  years  old,  and  having  run  more  than  600,000  kilometres 
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(some  370,000  miles)  without  developing  any  cracks.    Still  better  results  may  be 
expected  with  special  steels. 

"  The  cost  of  maintenance  of  the  machinery  of  four  cylinder  engines  should  in  no 
case  exceed  by  more  than  40  per  cent  that  of  the  ordinary  engines ;  in  some  special 
cases,  a  saving  has  even  been  observed.  As  to  the  cost  of  maintenance  of  the  boilers, 
that  increase  is  solely  due  to  the  greater  pressure,  and  it  could  without  doubt  be 
reduced  by  making  certain  changes  in  the  present  form  of  construction. 

"  Mr.  William  McIntosh  {Central  Railroad  of  New  Jersey)  stated  that  he  favored 
compound  engines  which,  according  to  him,  are  an  improvement,  and  he  thought 
that  if  the  first  types  have  not  realized  all  expectations,  there  is  no  reason  for 
condemning  the  system,  which  can  still  be  improved. 

"  Mr.  Karl  Steinbiss  (German  Government)  reported  on  experiments  made  in 
Germany  during  twenty  years  on  compound  engines  of  various  types  with  two, 
three  or  four  cylinders  of  the  systems  von  Borries,  Mallet,  etc.  At  present,  more 
than  five  thousand  engines  of  these  types  are  in  service  in  Germany,  both  on 
passenger  trains  as  well  as  on  freight  trains,  and  they  give  the  best  results  with 
respect  to  economy.  The  saving  in  coal  is  on  an  average  10  per  cent;  excepting 
the  starting  valves,  the  repairs  are  not  more  costly  than  for  the  ordinary  engines. 

^  Recently  another  great  question  has  been  investigated,  that  of  superheating. 
Thanks  to  the  use  of  the  Schmidt  superheater  and  to  the  improvements  made  by 
Mr.  Garbe,  great  progress  is  expected  with  simple  engines  with  two  cylinder  engines 
with  cylindrical  or  balanced  valve  chests.  In'  concluding,  Mr.  Steinbiss  remarked 
that  German  locomotives  connot  attain  such  great  dimensions  as  American  engines, 
because  the  load  per  wheel  is  limited  to  8  tons  in  general  and  to  9  tons  in  special 
cases. 

"  Mr.  Alfred  W.  Gibbs  made  some  remarks  in  regard  to  the  de  Glehn  type  of  loco- 
motive built  for  his  company  by  the  Societd  alsacienne.  This  engine  represents  a 
very  fine  type  of  construction  and  is  a  very  handsome  example  from  the  standpoint 
of  lightness  of  parts;  still  the  distribution  of  parts  does  not  seem  to  him  superior 
to  that  in  American  engines,  ad  he  stated  that  he  had  had  a  great  deal  of  trouble 
with  the  copper  staybolts  and  had  had  many  cases  of  hot  boxes.  He  would  be  very 
glad  to  have  the  opinion  of  French  engineers  on  these  points,  and  also  regarding 
the  best  type  of  crank  axles  to  adopt.  He  added  that  the  de  Glehn  locomotive  had 
excellent  qualities  in  the  matter  of  quick  starting. 

"  Mr.  Th.  Laurent  {Orleans  Railway),  replying  to  Mr.  Gibbs,  admitted  that  copper 
staybolts  also  give  a  great  deal  of  trouble  in  France;  that  the  upper  rows  have  had 
to  be  replaced  with  manganese  bronze  staybolts,  and  they  are  still  seeking  a  better 
metal.  But  these  difficulties  are  also  experienced  with  the  American  engines 
belonging  to  his  company  and  appear  inherent  to  the  use  of  high  pressure.  As  to 
hot  boxes  on  drivers,  he  had  tried  American  lubrication  with  wool  waste  and 
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derived  no  advantage  from  it,  and  after  many  cases  of  hot  boxes  with  this  system, 
he  has  returned  to  the  system  of  wick  lubricators,  which,  on  the  whole,  seems  to 
him  preferable. 

**  Returning  to  the  question  of  firing,  Mr.  Th.  Laurent  reported  that  by  using 
grates  inclined  at  an  angle  of  about  18^,  a  single  fireman  can  fire  1,800  kilo- 
grams (about  2  tons)  an  hour  on  the  powerful  engines  of  his  company.  As  to  the 
charge  of  lack  of  elasticity,  which  some  engineers  allege  against  compound  locomo- 
tives, he  declared  that  this  complaint  is  not  justified.  It  has  been  shown,  in  fact, 
by  very  accurate  tests  made  by  his  company  that,  within  limits  of  load  varying 
50  per  cent,  the  consumption  of  fuel  per  unit  of  work  does  not  vary  over  5  per  cent. 

"  Mr.  AssELiN  {French  Northern  Railway)  stated  that  on  his  line,  copper  stay-bolts 
have  been  replaced  entirely  with  manganese  bronze  slay-bolts,  the  heads  of  which, 
it  is  true,  burn  out  more  quitkly  than  those  of  copper  stay-bolts,  but  by  being  careful 
to  replace  all  stay-bolts  whose  heads  have  burned  out,  whenever  the  engine  is  laid 
off  for  any  reason,  all  objections  are  overcome.  For  crank  axles,  his  company  has 
lately  been  using  oil  tempered  gun  steel,  which  gives  entire  satisfaction. 

**  Mr.  Dubois  (French  Western  Railway)  declared  that  his  company  had  not 
observed  any  difference  in  wear  between  the  three  designs  of  crank  axles  which 
they  have  tried,  and  they  have  finally  taken  to  using  the  least  expensive  design,  viz,, 
parallel  crank  axles. 

"  Mr.  Bowman  Malcolm  (Midland  Railway ,  Northern  Counties  Committee^  Ireland) 
estimated  the  saving  of  fuel  by  the  use  of  compound  engines  at  10  per  cent,  and 
thought  that  they  do  not  involve  any  perceptible  increase  in  cost  of  maintenance. 
In  his  opinion,  the  difficulties  experienced  with  them  at  the  start  should  not  interfere 
with  their  general  adoption,  and  he  spoke  particularly  highly  of  the  four  cylinder 
system. 

"^  After  a  remark  regarding  the  maintenance  of  boilers  and  especially  on  the 
leakage  at  the  joints  with  the  tubes  and  the  rupture  of  stay  bolts  a  discussion  arose 
in  which  Messrs.  H.  C.  King  (Great  Western  Railway,  England),  Th.  Ronayne  {New 
Zealand  Government  Railways),  Bowman  Malcolm,  Alfred  W.  Gibbs  and  J.  E.  Muhl- 
FELD  took  part. 

*"  It  appeared  from  the  discussion  that,  in  the  United  States,  the  use  of  soft  steel 
fire-boxes  with  well  spaced  wrought  iron  stay-bolts  proves  satisfactory,  the  use  or 
soft  steel  for  stay-bolts  being  limited  to  Belpaire  boilers.  Some  engineers  prefer, 
if  possible,  to  leave  the  fires  banked  during  the  housing  of  the  engine,  to  avoid 
cooling  and  contraction.  Mr.  Alfred  W.  Gibbs  stated  that  the  wear  of  fire-boxes 
is  not  so  rapid  as  it  is  commonly  believed  to  be.  Thus  on  his  system,  having 
3,300  locomotives  in  service,  700  of  which  are  heavy  engines,  in  late  years  not  more 
than  65  to  70  fire-boxes  have  to  be  replaced  annually.  In  a  boiler  having  a  life  of 
twenty  years,  the  fire-box  and  been  replaced  on  the  average  twice.     Bad  quality  of 
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water  and  lack  of  care  in  construction,  are  the  most  frequent  cause  of  boiler 
defects. 

**  Mr.  F.  G.  Wright  observed  that  experiments  were  made  twenty  years  ago  with 
compound  locomotives  on  the  Great  Western  Railway;  these  trials  were  given  up 
because  of  damage  due  to  the  water  entrained  in  the  cylinders  because  of  poor 
design.  They  have  been  taken  up  again,  and  last  summer  his  company  put  into 
service  a  de  Glehn  compound  locomotive  which  for  the  first  time  covered  the 
distance  from  London  to  Plymouth  (246  miles)  without  a  stop.  Mr.  F.  G.  Wright 
believes  that  the  superiority  of  this  engine  consists  in  its  two  independent  mecha- 
nisms. 

"  On  the  compound  engines  of  the  London  &  North  Western  Railway,  where  the 
two  mechanisms  were  connected  together,  the  result  obtained  were  not  so  good 
and  a  very  noticeable  improvement  was  obtained  after  separating  the  distribution. 
The  Great  Western  Railway  has  ordered  two  other  engines  of  the  some  type,  but  of 
higher  power. 

"  Mr.  Th.  RoNAYNE  said  that  the  need  of  increasing  the  power  of  engines  has  also 
made  itself  felt  on  the  railroads  of  New  Zealand.  He  has  ordered  four  locomotives 
of  the  de  Glehn  type  to  be  built,  and  the  opinions  expressed  at  the  Congress  by  other 
members,  indicate  to  him  that  he  is  on  the  right  road.  He  reported  that  he  has 
experimented  with  axles  of  nickel  steel  with  little  success.  The  use  of  the  latter 
material  has  given  better  results  with  piston  rods,  and  it  is,  at  the  present  time, 
being  tried  for  smoke  tubes.  He  also  intends  to  experiment  with  spiral  tubes,  in 
order  to  do  away  with  the  flying  of  sparks  through  the  stack.  The  cylindrical  valve 
boxes  used  in  connection  with  the  Waischaerts  distribution  give  full  satisfaction, 
and  he  prefers  them  to  the  balanced  valve  boxes. 

"  Mr.  ToRDEUX  {French  Eastern  Railway)  stated  that  all  locomotives  built  for  the 
last  seven  years  by  his  company  have  four  cylinders.  It  has  260  of  this  type  already 
in  service  and  will  soon  have  320  or  330.  The  main  reason  for  adopting  the  com- 
pound system  on  his  roads  is  the  economy  in  coal.  There  are  no  coal  mines  in  the 
vicinity,  and  the  cost  of  fuel  is  about  18  francs  per  metric  ton  (14^.  Id.  per  English 
ton).  The  first  hundred  compound  locomotives  which  were  built  had  flat  valve 
boxes.  After  the  Universal  Exposition  of  1900,  the  comparative  experiments  which 
were  made  with  engines  havinh  cylindrical  valve  boxes  and  those  with  flat  boxes, 
have  shown  that  the  former  behaved  better,  that  they  were  maintained  easier  and 
that  they  produced  a  saving  in  fuel  of  4  to  S  per  cent  compared  with  the  latter, 
which  is  due  to  the  reduced  throttling  of  the  steam.  All  new  locomotives  are  built 
at  present  with  cylindrical  valve  boxes.  The  French  Eastern  Railway  has  also  been 
making  for  a  year  past  experiments  with  steam  jackets,  but  without  appreciable 
results.  As  to  lubrication,  the  exchange  of  the  wick  lubricator  for  the  American 
syphon  lubricator  has  reduced  the  consumption  of  oil  from  30  to  40  per  cent.  The 
use  of  the  latter  device  is,  therefore,  being  extended. 
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**  Mr.  D.  F.  Crawford  confirmed  what  had  been  said  on  the  advantages  of  cylin- 
drical valve  boxes.  Trials  made  covering  a  period  of  three  years  by  his  company  on 
an  equal  number  of  engines  of  the  same  type,  one  series  having  flat  valve  boxes  and 
the  other  cylindrical,  proved  the  superiority  of  the  latter  for  passenger  locomotives. 
This  system  reduces  the  throttling  of  the  steam ;  it  causes  only  an  insignificant  wear, 
while  the  flat  valve  box  requires  the  adjustment  of  the  distributing  mechanism 
between  two  general  repairs,  and,  finally,  notwithstanding  the  extreme  balancing 
of  the  flat  box,  the  lifting  mechanism  is  much  more  difficult  to  handle.  Similar 
trials  are  being  made  on  f]:eight  engines. 

'^  Mr.  J.  £.  MuHLFELD  then  summed  up  the  various  points  which  were  brought  out 
by  the  discussion,  and  pointed  out  the  maijfi  diflerences  between  American  and 
European  practice,  as  follows  :  The  working  pressure  of  the  boilers  is  somewhat 
higher  in  the  United  States  than  in  Europe;  the  stow  adoption  of  the  compound 
system  in  America,  which  is  attribued  to  difficulties  encountered  at  the  beginning 
and  to  the  different  object  aimed  at  by  compounding,  which  in  Europe  is  chiett'y  for 
the  saving  of  fuel,  while  in  the  United  States  increase  in  tractive  force  is  principally 
desired;  the  difference  in  the  construction  of  fire-boxes  and  stay-bolts,  etc.  He 
considered  that  superheating  was  not  sufficiently  developed  in  his  country  and 
that  it  should  attract  the  attention  of  engineers.  He  also  called  attention  to  the 
advantage  which  heavy  tank  engines  for  certain  classes  of  service  offer  by  utilizing 
the  weight  of  the  fuel  and  water  to  increase  the  friction  on  the  rails,  besides 
suburban  traffic  and  shunting,  for  which  this  kind  of  engine  is  used  exclusively 
in  America.  There  are  also  very  few  locomotives  with  flexible  wheel  bases  in  the 
United  States. 

"  Mr.  J.  E.  Muhlfeld's  last  remarks  led  Mr.  Asselin  {French  Northern  Railway)  to 
refer  to  the  construction  on  his  line  of  an  engine  of  great  power,  designed  by 
Mr.  du  Bousquet,  the  chief  engineer,  which  is  simply  a  tender  engine  with  flexible 
wheel  base.  It  is  a  compound  freight  engine  working  at  16  kilograms  (228  pounds 
per  square  inch)  pressure,  with  an  exceptionally  powerful  boiler  for  a  European 
locomotive,  as  it  has  a  capacity  of  8  cubic  metres  (283  cubic  feet),  3  square  metres 
(32*29  square  feet),  of  grate  surface,  and  a  heating  surface  of  244  square  metres 
(2,626*49  square  feet),  of  which  12  square  metres  (1291 7  square  feet)  is  fire-box. 
There  are  130  tubes  of  the  Serve  type,  70  millimetres  (2  ^/^  inches)  outside  diameter 
and  4*75  metres  (15  ft.  7  in.)  long. 

"  The  object  aimed  at  was  to  build  an  engine  capable  of  hauling  1,000  tons 
(984  English  tons)  on  a  1  per  cent  grade  at  a  speed  of  25  kilometres  (15'5  miles)  an 
hour,  and  this  same  load  on  lines  having  no  gradients  exceeding  0*5  per  cent  at  a 
speed  of  at  least  50  kilometres  (31  miles)  per  hour.  With  this  object,  the  drivers 
were  given  a  diameter  of  1*455  metre  (4  ft.  9  ^/le  in.). 

"  Mr.  Asselin  gave  some  details  of  the  construction  of  this  locomotive,  which  is 
not  a  Mallet  engine,  as  its  boiler  rests  on  two  bogies  with  flexible  wheel  bases.     For 
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this  purpose,  the  two  ordinary  bolsters  of  the  engine  are  replaced  by  a  single  centre 
beam  which  carries  the  boiler  and  rests  on  the  two  trucks. 

^  Like  the  Mallet  locomotive  on  the  Baltimore  &  Ohio  Railroad,  of  which 
Mr.  J.  E.  Muhlfeld  spoke  in  his  report,  the  two  driver  trucks  are  each  furnished 
with  three  coupled  axles.  As  there  is  a  fourth  carrying  axle  jSlaced  on  each  truck, 
the  weight  per  axle  does  not  exceed  15  tons  (14*8  English  tons).  The  steam  is  led 
to  the  high  pressure  cylinders  mounted  on  the  rear  truck  trough  the  centre  bearing 
of  the  truck.  Connection  with  the  low  pressure  cylinders  is  made  by  means  of 
articulated  metal  pipes.  The  total  length  of  engine  is  1618  metres  (83  ft.  1  in.). 
Weight,  empty,  78  tons  (76'8  English  tons),  and  loaded,  105  tons  (103-3  English 
tons). 

^  Following  the  same  line  of  thought,  Mr.  Flobert  (Northern  of  Spain  Railway) 
described  an  engine  in  course  of  construction  for  his  company  and  intended  for 
hauling  coal  trains  at  a  speed  of  20  kilometres  (12'4  miles)  an  hour  on  a  line  with  a 
continuous  grade  of  2  per  cent  and  numerous  curves,  the  radius  of  which  is  usually 
300  metres  (984  feet),  but  sometimes  as  low  as  250  metres  (820  feet).  This  engine 
is  composed  of  two  locomotives  with  three  coupled  axles  and  pony  truck  ahead, 
coupled  to  a  single  rear  tender.  The  adhesive  weight  is  84  tons  (82*7.  English  tons) ; 
(he  total  weight  of  the  whole  engine  is  120  tons  (118  English  tons) ;  the  total  length 
is  25  metres  (82  feet),  which  corresponds  to  a  load  of  14  tons  (13*8  English  tons)  on 
each  driving  axle  and  4,800  kilograms  per  metre  (3,220  pounds  per  foot)  of  total 
engine  length,  which  figure  cannot  be  exceeded  owing  to  the  limitations  imposed  by 
the  dimensions,  etc.,  of  the  track.  The  tractive  power  is  12,000  kilograms 
(26,450  pounds).    It  takes  one  driver  and  two  firement  to  handle  the  engine. 

**  The  President  read  the  following  draft  of  conclusions  to  be  submitted  to  the 
general  meeting. 

"  This  draft  was  accepted  after  Mr.  J.  E.  Muhlfeld  had  drawn  attention  to  the 
need  for  paying  more  care  to  details  of  construction  and  to  maintenance  of  the 
engines.  He  pointed  out  that  the  maximum  load  per  axle  allowed  in  America  was 
62,000  lb.  and  the  maximum  weight  for  locomotives  was  334,500  lb.  for  a  wheel 
base  of  30  ft.  6  in.  " 

The  President.  —  The  following  are  the 

CONCLUSIONS. 

"  The  power  of  locomotives  is  more  limited  in  Europe  than  in  America,  owing  to 
**  the  lower  allowance  of  weight  per  axle. 

**  European  engineers  generally  agree  in  thinking  that  compounding  admits  of  the 
"  construction  of  engines  giving  the  maximum  power  and  economy. 
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**  This  system  utilizes  the  steam  very  well  and  does  not  appear  to  increase  to  any 
noticeable  extent  the  cost  of  maintenance  of  locomotives;  it  does  make  the  main- 
tenance of  the  boilers  more  difficult,  but  that  is  due  to  their  increased  size  and 
higher  working  pressure,  which  are  necessary  in  all  cases.  Almost  all  loco- 
motives built  in  France  in  recent  years  have  four  balanced  cylinders.  These 
engines,  as  well  as  compound  engines  of  other  systems,  are  also  employed  in 
other  European  countries,  especially  Germany,  Austria,  Spain,  etc.  Several 
engineers  in  Great  Britain  and  Ireland  express  equal  satisfaction  from  their  use 
and  insist  on  the  advantage  of  separating  the  high  and  low  pressure  machinery. 
A  number  of  American  engineers  also  express  opinions  favorable  to  compound 
locomotives,  which  have  given  satisfactory  results  on  the  Atchison  Topeka  &  Santa 
'  Fe  Railway;  the  sentiment  on  this  matter  is,  however,  less  unanimous  in  the 
United  States  than  in  Europe.  The  Congress  has  been  informed  of  experiments 
made  in  New  Zealand  with  four  cylinder  compound  locomotives. 
"  The  introduction  of  American  locomotives  in  Europe  and  European  locomotives 
in  America  has  had  the  advantage  of  making  known  on  both  sides  some  interesting 
details  of  construction,  particularly  the  light  weight  of  the  parts  of  European 
locomotives  and  the  syphon  and  sight  feed  lubricators  of  American  locomotives. 
^  Applications  of  superheated  steam  seem  to  increase  in  number,  especially  in 
America  and  in  Germany,  and  seem  to  give  good  results. 
"  The  constantly  increasing  use  of  cast  steel  is  observed,  which  in  the  United  States 
has  even  been  tried  for  cylinders. 

"  The  use  of  the  Walschaerts  motion  gear  is  extending  in  the  United  States. 
*^  Generally  speaking,  all  the  engineers  who  have  spoken  of  cylindrical  valve  chests 
appear  well  satisfied  with  them. 

"  A  number  of  tests  of  automatic  stokers  have  been  made  in  the  United  States  and 
on  the  Great  Western  Railway  of  England,  but  as  yet  the  results  have  not  been 
definite.  It  has  also  been  found,  both  in  America  and  in  England,  that  without 
the  aid  of  these  devices,  but  with  proper  arrangements  of  grates,  the  heaviest 
firing  necessary  at  the  present  time  can  be  effected  without  difficulty. 
"  Finally,  the  Congress  has  examined  the  use  of  articulated  locomotives  of  great 
power  on  lines  of  irregular  grades,  particularly  Mallet  locomotives  and  those 
designed  by  the  French  Northern  and  Northern  of  Spain  railways.  " 

—  These  conclusions  were  adopted  by  the  general  meeting. 
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1.  —  Steam  motor  yehicle  for  the  Indian  State  Bailways. 

By  F.  C.  COLEMAN. 

Figs.  1  to  5,  pp.  1175  and  1176. 

{The  Railioap  Age,) 

The  figures  1  to  5  illustrate  an  interesting  type  of  steam  motor  vehicle  which  was  recently 
built  by  the  Vulcan  Foundry,  Limited,  of  Newton-le- Willows,  England,  for  operation  over 
the  Indian  Northwestern  (State)  Railway.  The  coach  is  divided  into  three  compartments, 
with  seating  accommodation  for  three  first  class,  three  second  class  and  seventy-two  third  class 
passengers.  The  first  and  second  class  compartments  are  furnished  with  patent  spring  seats 
uj^olstered  in  buffiilo  skins,  while  the  third  class  compartment  is  provided  with  plain  wood 
seats.  A  luggage  compartment  occupies  the  space  next  the  engine.  The  coach  is  fitted  for 
lighting  by  Pintsch  gas. 

A  small  locomotive  forms  one  end  of  the  vehicle,  having  pivot  castings  and  side  spring  plungers 
so  as  to  allow  of  a  slight  rocking  motion.  A  central  spring  on  a  stay  behind  the  trailing  wheels 
allows  the  weight  to  be  adjusted.  The  boiler  is  reversed,  thus  giving  the  driver  a  good  lookout 
and  a  roomy  platform.  The  cylinders,  9  by  14  inches,  are  outside.  The  wheels,  which  are  not 
coupled,  have  a  diameter  of  3  ft.  3  in.  The  total  heating  surface  amounts  to  300  square  feet, 
to  which  the  tubes  contribute  252  square  feet  and  the  fire-box  the  remaining  48  square  foet. 
The  grate  area  is  9  square  feet  and  the  working  pressure  is  160  pounds  per  square  inch. 

The  tanks  have  a  capacity  of  300  gallons  and  the  bunker  capacity  is  18  cubic  feet.  The  tanks 
are  fitted  with  swiveling  pipes  so  as  to  allow  for  filling  from  water  cranes,  without  the  drawing 
of  hose  into  the  cab. 

The  woodwork  of  the  coach  was  fitted  in  India,  but  the  underframe,  bogie,  all  the  ironwork 
fittings,  carriage  seats,  glass,  etc.,  for  finishing,  were  supplied  by  the  Vulcan  Foundry,  Limited. 
The  engine  part  may  be  detached  by  simply  lifting  a  few  inches  the  front  end  of  the  coach.  The 
gear  for  driving,  applying  the  brake  and  whistle  can  be  worked  from  both  ends  of  the  coach. 
In  figure  2  will  be  noticed  a  temporary  erection  for  these  gears,  and  the  picture  also  shows 
blocks  placed  on  the  carriage  underframe  to  represent  the  estimated  weights  of  carriage  body 
and  passengers. 

The  vehicle  was  erected  from  the  designs  of  Sir  Alexander  Rendel,  and  is  now  being  utilized 
for  afibrding  a  frequent,  a  fairly  speedy,  and  an  economically  worked  train  service  over  certain 
sections  of  the  Indian  Northwestern  Railway  system.  It  is  calculated  to  maintain  a  speed  of 
35  miles  per  hour. 
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The  total  weight  in  working  order  with  passengers  and  luggage  is  43-55  tons,  of  which  the 
locomotive  truck  carries  25*2  tons  and  the  carriage  truck  18*35  tons.  The  total  length  over 
buffer  beams  is  60  feet  and  the  distance  from  center  to  center  of  trucks  is  41  ft.  6  in.  The 
extreme  width  is  10  ft.  6  in.  and  the  height  of  stack  from  the  top  of  the  rail  is  13  ft.  1  ^4  in. 
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2.  —  Petrol  motor  for  hauling  railway  carriages. 

Figs.  6  to  10.  p.  1178  to  1181. 
{Engineering,  abstract.) 

The  motor  is  question  was  constructed  by  the  Wolseley  Tool  and  Motor-Car  Company, 
Limited,  of  Birmingham,  for  the  General  Electric  Company,  Schenectady,  United  States  of 
America. 

It  is  intended  to  drive  electric  generators  for  providing  current  for  motors  operating  railway 
cars. 

The  new  motor  is  shown  in  section  in  figure  6  and  in  perspective  in  figure  7. 

The  motors  have  six  cylinders,  arranged  in  pairs  opposite  to  each  other,  and  drive  a  six-throw 
crank  shaft. 

The  cylinders  are  9  inches  in  diameter,  and  have  a  10  inch  stroke. 

The  cylinders  were  cast  in  two  pieces  :  liners  and  jackets.  The  joints  are  metal  to  metal,  and 
the  liners  are  held  in  position  by  studs.  The  combustion  chambers  are  of  cast  iron  and  water- 
jacketed. 

The  jacket  for  the  walls  of  the  cylinder  is  independent  from  that  for  the  combustion  heads; 
the  difficulty  of  making  tight  water  joints  between  the  two  is  thus  avoided. 

The  pistons  and  connecting  rods  are  of  specially  tough  steel,  with  phosphor  bronze  bearings, 
the  induction  valves  are  of  mild  steel,  and  the  exhaust  valves  have  cast  iron  heads  and  mild  steel 
stems. 

The  flywheel  weighs  7  cwt.,  and  the  half-coupling  has  been  drilled  to  suit  the  armature 
flanges  of  the  generator. 

One  of  the  most  interesting  features  is  the  starting  gear.  In  a  previously  constructed  petrol 
motor  supplied  to  the  North  Eastern  Railway  Company,  also  used  for  a  railway  motor  car,  an 
electric  generator  was  used  in  conjunction  with  the  accumulators  to  obtain  the  initial  turning 
movement  of  the  petrol  motor;  but  in  this  motor  the  engine  is  started  by  the  explosion  of  black 
powder  cartridges. 

The  cartridge,  of  ordinary  sporting  size,  contains  a  charge  of  280  to  300  grains  of  black 
powder;  this  is  sufficient  to  give  the  piston  a  pressure  of  about  one-half  the  ordinary  working 
pressure.  These  cartridges  are  fired  by  a  special  mechanism  operated  in  conjunction  with  the 
usual  electric  ignition  gear.  Figure  8  shows  how  the  cartridge  is  placed  in  position  in  the 
breach  at  the  rear  end  of  the  cylinder,  and  figure  9  shows  the  breech  closed  and  ready  for  firing. 

The  diamond  shaped  casting  which  carries  the  usual  electric  ignition  plug,  can  thus  be 
replaced  by  a  breech-block.  This  has  a  cover  carrying  the  trigger  mechacism  for  firing  the 
cartridge ;  the  hook  shown  in  figures  8  and  9  is  attached  to  the  trigger.  Before  starting  the 
engine,  this  change  is  effected  in  three  of  the  six  cylinders. 
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Fig.  7   —  General  view. 


p|(r.  8.  —  C.irlridge  placcil  in  position. 


Fig,  9.  —  Ready  for  tiring. 
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The  cartridge  in  the  first  cylinder  is  fired  by  hand ;  the  next  two  cartridges  are  automatically 
fired  by  the  movement  of  the  engine.  This  obviates  any  such  chance  of  inaccurate  timing  as 
might  arise  if  this  were  done  by  hand.  By  the  use  of  the  cartridges  the  engine  is  started,  and 
while  running  light,  the  operator  may  remove  the  breech-block  and  replace  it  with  the  ordinary 
type  of  ignition. 

To  ensure  the  proper  working  of  this  system  an  indicator  is  necessary  to  show  exactly  which 
cylinder  is  in  position  for  initially  firing  by  cartridge.  Foi:  this  purpose  a  dial,  figure  10,  has 
been  fitted  to  the  top  of  the  casing.  An  examination  of  figure  1 0  will  make  the  working  of  this 
indicator  suflBciently  clear.  The  disk  with  six  pointers,  representing  the  cylinders,  turns  in  front 
of  a  dial  divided  into  four  parts  :  suction,  compression,  firing,  exhaust. 


Fig.  10.  —  Mechanical  indicator. 

In  the  figure,  cylinder  A  has  stopped  during  its  firing  period;  the  starting  must,  therefore,  be 
begun  with  this  cylinder. 

The  starting  is  carried  out  as  follows  :  the  operator  knows,  by  looking  at  the  indicator  just 
described,  which  cylinder  he  has  to  start  from.  This  and  the  two  succeeding  ones  have  cartridge 
breech-blocks  inserted.  A  handle  operating  exhaust  valve  lifters  is  then  raised,  so  that  any 
compressed  air  or  gas  may  escape,  as  the  firing  of  a  cartridge  into  a  compressed  space  might 
result  in  excessive  pressure.  The  cartridges  are  then  inserted ;  the  first  one  is  fired  by  hand  and 
the  two  others  are  fired  automatically.  The  arrangement  is  simple;  the  change  over  from 
cartridge  to  the  ordinary  type  of  ignition  (and  vice  versa)  is  effected  in  about  three  minutes.  In 
the  course  of  a  long  series  of  tests,  there  was  not  one  failure  in  starting  by  this  means ;  and  in 
view  of  the  simplicity  this  new  system  may  probably  be  substituted  for  the  compressed  air  starting 
device. 

The  three  cylinders  which  start  the  engine  are  determined  by  examining  the  indicator 
described  above.  If  there  is  no  cylinder  in  exactly  the  right  firing  position,  the  engine  is 
••  barred  "  round  till  one  is  some  20®  past  the  dead  centre  on  the  firing  stroke.  The  other  two 
are  then  chosen  as  before.  The  three  remaining  cylindei*s,  during  the  first  revolution,  suck  and 
compress  their  charges  in  the  usual  way,  and  take  up  their  firing  by  means  of  the  high  or  low 
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tension  magneto.  The  cylindei's  with  the  empty  cartridges,  immediately  after  the  first  cycle, 
also  work  in  the  ordinary  way,  with  low  tension  magneto  ignition.  If  necessary,  the  cartridge 
breech-block  can  be  removed,  and  the  ordinary  tension  plug  carriers  inserted  in  their  place.  As 
a  rule  however  the  breech-blocks  are  left  in  position  if  the  magneto  ignition  is  employed. 

The  high  tension  ignition  is  intended  as  a  stand-by.  The  contact-breaker,  which  is  fixed  on 
the  end  of  the  cam  shaft,  is  of  the  usual  Wolseley  type ;  the  coil  is  of  the  trembler  type.  The  low 
tension  magneto  is  of  the  Simms-Bo'sch  type;  it  has  a  fixed  armature  and  rotating  shield.  The 
igniters  are  insulated  with  mica. 

Each  combustion  chamber  is  fitted  with  two  induction  and  two  exhaust  valves.  The  induction 
valves  are  steel  forged  and  of  the  mushroom  type ;  they  are  mechanically  operated  from  the  cam 
shaft  by  means  of  rockers  and  pull  rods.  The  air  drawn  into  the  carburettor  is  taken  from  the 
crank  chamber.  This  ventilation  helps  to  keep  the  big  ends  cool,  but  the  principal  idea  in  view 
was  to  draw  away  any  foul  gas  which  might  have  accumulated  in  the  crank  chamber  as  a  result 
of  leakage  past  the  piston  rings.  Experience  on  other  large  size  engines  has  shown  that 
considerable  accumulations  of  bad  gas  may  be  found  in  the  crank  chamber;  the  method  here 
adopted  has  proved  quite  satisfactory  in  overcoming  this. 

The  carburettor  has  a  jet  through  which  the  petrol  is  fed  by  gravity ;  a  float  chamber  maintains 
a  constant  head  of  fuel.  The  mixing  chamber  is  closed  by  a  valve;  this  is  opened  by  the  suction 
of  the  engine. 

As  soon  as  the  suction  of  the  engine  ceases,  the  valve  closes,  and  shuts  off  the  supply  of 
explosive  gas,  which  is  regulated,  as  to  its  proportion  of  air,  by  another  valve  under  the  direct 
control  of  the  operator.  There  are  two  carburettors.  Two  float  chambers  are  provided  for  each 
carburettor,  one  being  for  petrol  and  the  other  for  petroleum.  A  three-way  cock  is  provided  for 
changing  from  petrol  to  petroleum.  This  cock  is  central  with  the  carburettor,  and  it  is  operated 
by  a  small  lever.  A  second  lever  enables  the  air  for  the  carburettor  to  be  sucked  from  the  open 
atmosphere,  or  from  the  crank  chamber.    A  governor  operates  throttle  valves  in  the  mixture  pipe. 

Force  feed  lubricating  gear  is  provided. 

After  successful  brake  horse- power  and  starting  tests,  petrol  consomption  tests  were  under- 
taken. The  petrol  used  on  the  trials'  was  Anglo-American  A,  specific  gravity  0-700.  The  total 
consumption  during  a  non-stop  run  of  three  hours  was  33  gallons.  The  average  brake  horse- 
power developed  during  the  test  was  144*94,  so  that  the  consumption  per  horse-power  hour  was 
0*607  pint.  The  maximum  brake  horse-power  was  158*24.  The  temperature  of  the  outflowing 
cooling  water  was  45^  C.  (1 13*»  Fahr.). 

In  the  Street  Railway  Journal  of  February  10,  1903,  there  appeared  a  short  description  of  a 
self-propelled  railway  car  built  for  the  Delaware  &  Hudson  Railway  Company,  which  has  an 
engine  similar  to  the  one  described  above.  The  car  has  a  driver's  compartment  at  each  end ;  one 
of  these  compartments  contains  the  machinery.  The  external  appearance  of  the  body  of  the  car 
resembles  that  of  a  large  size  bogie-car.  During  the  trials  this  car  ran  at  an  average  speed  of 
64  kilometres  (40  miles)  per  hour;  the  maximum  speed  was  75  kilometres  (46*6  miles)  per  hour. 

Up  till  now  only  isolated  trials  have  been  made  of  explosion  motors  for  railway  cars.  We  can 
however  now  record  an  important  advance  in  this  new  direction,  at  all  events  as  far  as  certain 
applications  are  concerned  :  shunting  engines,  railway  motor  cars,  etc. 

These  new  applications  have  been  made  too  recently  to  make  it  possible  to  forecast  the  success 
that  such  applications  may  have  and  in  what  directions  they  will  be  extended. 
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8.  -*  International  Assooiation  for  testing  materials. 

(C^n^reaa  at  BniMela  In  lOOO.) 

♦ 
The  International  Association  for  testing  materials,  which  was  founded  at  Munich  twenty  years 
ago  by  Professor  Bauschinger,  made  very  great  progress  while  the  late  Louis  de  Tetmayer,  who 
died  in  February,  1905,  was  president;  it  now  has  about  2,200  members  belonging  to  all  branches 
of  technics,  and  deals  more  particularly  with  the  very  important  problem  of  standardizing  the 
methods  for  testing  materials  used  in  constructional  work. 

The  Association  is  quite  international  in  character ;  it  has  many  members  in  America,  Austria 
and  Hungary,  France.  Germany  and  Russia. 
Its  chief  activities  are  : 

1«  Bi-weekly  bulletins  in  two  or  three  languages,  in  which  accounts  are  given  of  the  work  of 
eminent  experimentalists  such  as  :  Le  Chatelier,  Martens,  Osmond,  Mesnager,  SchiJll,  Bel61ubsky, 
Brinell,  Howe,  Stead,  etc. 

2?  Triennial  congresses,  where  important  subjects  are  discussed,  which  under  the  name  of 
problems  are  dealt  with  by  commissions  appointed  by  the  president  of  the  committee  at  Vienna, 
and  meeting  every  year  in  order  to  discuss  and  settle  questions  of  an  administrative  and  technical 
character. 

Separate  national  sections  are  at  work  in  Paris,  Berlin  and  the  United  States  of  America,  and 
their  work  results  in  valuable  results  which  are  submitted  to  the  International  Association 
itself. 

The  International  Association  holds  a  congress  in  a  different  country  every  three  or  four  years ; 
the  1906  congress  will  be  held  at  Brussels,  under  the  distinguished  patronage  of  H.  M.  King 
Leopold  n.     His  Royal  Highness  Prince  Albert  of  Belgium  is  the  honorary  president. 

The  meetings  will  be  held  at  the  Palais  des  Academies,  September  3  to  8  of  this  year.  The 
acting  presidents  will  be  the  ministers  of  finance  and  public  works,  of  railways,  posts  and 
telegraphs,  of  war,  and  of  industry  and  labour.  They  will  deal  with  the  three  sections-metals, 
cement  and  stone,  miscellaneous  materials. 

Visits  will  be  organized  to  the  chief  constructional  works  in  course  of  erection  and  to  the 
important  industrial  centres  of  Belgium. 

Programme  of  the  Brussels  Congress  in  1906. 

Sunday,  September  2, 

The  president  of  the  committee  will  take  his  seat  at  10  a.  m.,  at  the  Palais  des  Academies. 

Monday  September  3, 

General  meeting  in  the  morning,  at  the  Palais  des  Academies, 

Adress  by  the  piesident  of  the  Association. 

Obituary  notice  on  the  late  president,  Louis  de  Tetmayer,  read  by  Professor  SchUll,  of  Ztirich. 

Installation  of  sections  :  A.  Metals ;  B,  Cement  and  stone ;  C  Other  materials. 

In  order  to  dispel  any  gloomy  feelings  which  may  result  from  the  obituary  notice  on  the  late 
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president,  papers  will  be  read  by  Belgian  engineers,  in  French,  on  the  progress  of  Belgian 
industries  during  the  last  few  years. 

The  afternoon  is  left  unoccupied  for  a  visit  to  the  capital.     (Reception  at  the  Hdtel  de  mile, 

Tuesday,  September  4,  and  Wednesday,  September  5. 

In  the  morning,  sectional  meetings  at  the  Palais  des  Academies ;  in  the  afternoon,  visit  to  the 
Tervueren  and  Brussels  Port  Works,  and  to  the  Antwerp  (Port)  Works. 

Thursday,  September  6*. 

Final  general  meeting  at  the  Palais  des  Academies ;  in  the  morning,  reports  by  the  three 
sections  and  concluding  address  by  Mr.  Le  Ch&telier,  professor  of  the  ColUge  de  France, 
(Banquet.) 

Friday,  September  7, 

Visit  to  the  works  of  the  SociH4  Cockerill  at  Seraing. 

Saturday,  September  8, 

Visit  to  the  works  at  Zee-Brugge,  and  return  via  Ostend. 
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—  by  Messrs.  Scolarl  and  Rocoa.    .    .    . 
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ing countries),  by  Mr.  Turner 
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NOTE 

ON   THE  STEAM    PRODUCTION   OF  LOCOMOTIVE  BOILERS, 

By   0.    BUSSE. 

LOCOMOTITE  AND  ROLLINO  STOCK  BUPKRIMTBUDBNT,  DANISH  STATE  RAILWAYS. 


In  an  article  published  in  the  Bulletin  of  the  Railway  Congress  for  April  1906, 
entitled  **  Note  on  the  calculation  of  the  loads  hauled  by  locomotives  and  on  the 
determination  of  the  time  required  for  running  on  ordinary  service  ",  1  used,  in 
order  to  calculate  the  steam  production  of  a  locomotive  boiler,  the  equations  which 
1  had  laid  down  in  the  Organ  for  1880,  page  16.  This  article  had  previously  appeared 
in  the  Organ  1903,  pp.  123  et  seq.  A  little  later,  an  article  appeared  in  the  Zeitschrift 
des  Vereins  deutscher  Ingenieure,  1905,  page  717,  by  Mr.  Strahl,  railway  engineer,  in 
which  the  amount  of  water  evaporated  in  a  boiler  is  determined  from  thermo- 
dynamic data.  This  question  was  of  much  interest  to  me,  and  I  examined  his  results 
in  order  to  see  to  what  extent  they  agreed  with  my  old  equations,  which  were  based 
on  experimental  data.  Taking  a  performance  such  as  given  by  our  most  usual  type 
of  boiler,  type  K,  and  assuming  the  amount  of  water  evaporated  to  be  that  given  by 
the  old  equation,  the  new  theory  gives  a  somewhat  lower  value  for  the  small  boilers 
evaporating  about  2,300  litres  (3,300  lb.)  per  hour,  whereas  it  gives  a  higher  value  to 
the  new  boilers,  which  evaporate  8,000  to  9,000  litre8(17,630  to  19,840  lb.)  per  hour. 
My  long  experience  leads  me  to  conclude  that  these  results  are  more  accurate  with 
the  smaller  boilers,  for,  if  the  latter  are  examined  after  they  have  been  used,  they 
show  that  they  have  no  doubt  been  subjected  to  greater  comparative  fatigue  than  the 
larger  ones.  Moreover,  trials  made  with  large  recent  boilers  have  given  higher 
figui-es  than  those  calculated  from  my  old  equations. 

The  calculation  on  Mr.  StrahFs  method  is  however  somewhat  complicated,  and 
I  asked  one  of  the  younger  engineers  of  our  railway  to  give  it  another  shape,  making 

V.  XI  79 
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various  assumptions  and  abbreviations,  so  that  the  evaporation  can  be  calculated 
from  the  grate  area  R,  the  fi^e-box  heating  surface  H/,  and  the  smoke  tube  heating 
surface  Hr,  all  measured  internally. 
The  water  evaporated  per  hour,  W  litres,  then  becomes  : 


12- 


l',J*-DK^) 


or,  substituting  for  -^  the  fixed  coefficient  8,  we  get 

W  =  40  X  H/'(l2-^^  +  0-3l  xHr[i50-^V 

In  our  type  K  boilers,  where 

R  =  4-77.  H/r  z=z  9-25,  Hr  =  78-76, 

we  get : 

W  =  40  X  9-25  fl2  -  ^J  +  a-31  X  78-76  (i50  -  j^\ 

or 

W  =  2,506  +  2,574  =  5.080  kUogrwns  (11.199  lb,), 

wbereas  the  old  equation  gave  : 

W  =  5,047  kilogrwna  (11.127  lb.). 

la  the  uewer  boilers,  of  type  P,  we  have  : 

R  =  3-23.  IV  ==  i2l,  Hr  =  192-4 ; 
this  gives  : 

W  =  40  X  121  (l2  -  ^)  -f  0-31  X  m-4  (l50  -  ^), 

or 

W  =  3,995  +  5,394  =  9,389  kilograms  (20.699  ft.), 

whereas  my  old  equation  only  gave  8,430  kilograms  (18,58S  lb.). 
Per  square  metr^  of  total  heating  surface, 

W4  =  41-2, 

whereas.,  acCQtdinfg  to  the  new  formnhi : 

Wi  =  45-9. 

In  these  formulae,  the  first  term  of  the  second  expression  represeoto  the 
evaporation  due  to  the  fire-box ;  the  second  that  due  to  the  tubes,  it  is  wopth 
noticing  how  much  of  the  evaporation  is  due  to  direct  heatinf^  surfaee;  m  type  M  thris 
is  49  per  cent  of  the  total  and  is  thus  much  greater  than  was  assumed  formerly. 
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One  particular  point  is  that  this  new  theory  in  no  way  considers  the  ratio  of  length 
to  diameter  of  tubes.  It  was  always  believed,  and  all  the  trials  made  on  our  lines, 
with  boilers  some  of  which,  other  dimensions  being  equal,  had  fewer  tubes  but 
larger  ones,  others  more  tubes  but  smaller  ones,  confirmed  the  fact  that  in  spite  of 
a  smaller  total  heating  surface,  the  larger  tubes  evaporated  more  water.  The 
probable  explanation  of  this  fact  lies  in  the  greater  fatigue  and  the  reduction  in 
economy.  Although  no  conclusive  evidence  on  the  subject  is  available,  it  seems 
certain  that  in  actual  working  a  locomotive  with  a  smaller  smoke-tube  heating 
surface  gives  a  better  result. 

As  a  summary,  we  may  state  that  in  calculations  of  this  kind  it  is  not  intended  to 
attain  accuracy,  but  only  to  obtain  figures  giving  the  approximate  mean  values  to  be 
obtained  in  railway  practice.  This  object  is  undoubtedly  attained  by  the  fofmula 
given  above.  Moreover,  it  is  simple  and  clear,  and  its  general  use  may  henee  be 
recommended. 
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By  Henri  de  SARRAUTON. 


Figs.  1  and  2,  p.  1188. 


This  table  may  be  used  with  advantage  in  conjunction  with  the  decimal  chron- 
ograph measuring  twenty-thousandths  of  an  hour,  or  halves  of  decimal  seconds. 
Its  principal  object  is  the  solution  of  the  problem,  which  continually  turns  up 
in  connection  with  sport,  namely,  what  is  the  speed  per  hour?  It  is  for  this  reason 
that  it  has  been  reduced  to  a  pocket  book  size,  so  that  it  may  become  the  vade- 
mecum  of  sportsmen  and  of  drivers  on  railways. 

It  solves  at  sight  or  by  a  simple  interpolation  the  following  general  problem  : 

A  unit  of  work  having  been  produced  in  a  given  decimal  fraction  of  an  hour,  to 
find  the  work  produced  per  hour. 


Fig.  i.  —  Decimal  chronograph.  Pig.  2.  —  Decimal  clironograph. 

The  time  recorded  is  ti  (decimal)  minutes  The  lime  rcc^orded  is  24  (decimal)  miuutes 

88  seconds,  or  0*2288  hour.  12  seconds  50  quartes,  or  0*241250  hour. 
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Rule.  —  When  the  given  number  of  decimal  seconds  is  not  to  be  found  in  the 
table,  then  for  the  purposes  of  interpolation  take  the  next  highest  number  s,  and 
add  to  the  corresponding  number  M  the  product  of  d  multiplied  by  the  difference 
between  8  and  the  given  number. 

Example  i,  —  A  motor  car  covered  1  kilometre  (0-621  mile)  in  187'B  decimal 
seconds  (0*01275  hour).     What  was  the  speed  per  hour? 

By  referring  to  numbers  128  and  127  in  the  table,  we  see  by  inspection  that  the 
required  speed  is  approximately  ^8*4  (48*7  miles).  Such  an  approximation  is 
generally  all  that  is  required.  In  order  to  obtain  a  more  accurate  result,  we  must 
apply  the  rule  : 

The  table  gives  for  128 78125 

0-5  X  615 =  307 

78-432  (48-736  miles). 

Example  2.  —  A  tap  supplies  10  litres  (2'2Q1  English  gallons)  of  water  in 
443-5  decimal  seconds  (0-04435  hour).    How  much  will  it  supply  per  hour? 

The  table  gives  for  445 22-472 

1-5x51 76 

22-548 
Multiplying  this  by  10,  we  obtain  995*48  litres  (40*697  English  gallons). 

Example  3,  —  A  locomotive  covered  4  kilometres  (2*486  miles)  in  391-5  decimal 
seconds.    What  was  the  speed  per  hour? 

391-5:4  =  97-875. 

The  table  gives  for 980 10204 

1-25x10-4 = 13 

10-217 

Multiplying  this  by  10,  we  obtain  10217  kilometres  (e3-49  miles). 

We  might  operate  differently  :  assume  that  the  locomotive  has  run  1  kilometre 
(0*621  mile)  In  391-5  decimal  seconds  and  multiply  the  result  by  4. 

The  few  figures  given  at  the  end  of  the  speed  table  make  it  possible  to  use  it  with 
an  ordinary  chronograph  by  converting  the  sexagesimal  seconds  (S)  into  decimal 
seconds  (s). 

In  order  to  convert  the  sexagesimal  figures  into  decimals,  it  is  necessary  in  the 
first  place  to  reduce  the  minutes  to  seconds.  Then  all  that  is  required  is  to  write 
down  and  add  the  figures  given  in  the  conversion  table. 

Example  4,  —  A  trotting  horse  covers  1  kilometre  (0*621  mile)  in  2  minutes 
27-4  seconds.    What  is  the  speed  per  hour? 
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Now  2  minutes  27*4  seconds  =  147-4  seconds. 

IOCS 277*778 

40S UlMll 

7S 19«444 

0S4 I'll! 

409-444 

The  table  gives  for  410 24*390 

0-56  K  O0-2    .     , =  34 

Speed  of  trotting.     .      .  =      24*424  (15-177  miles). 

As  the  differences  shown  in  the  third  column  of  the  speed  table  increase  very 
quickly,  the  interpolation  of  half  a  decimal  second  gives  a  result  which  is  a  little  too 
high.  The  error  is  however  v^ry  srtiall  a8  it  is  always  less  than  ^/ioo,ooo«  It  can 
however  be  made  to  vanish  by  applying  Newton*s  method,  and  subtracting  from  the 
result  ^/s  of  the  second  difference. 

the  gp^d  tabl^  can  ^ually  "w^W  be  applied  in  the  ak^  of  fihglil^h  lihits.  The 
^econ4  &)lUinh  then  ^iVeis  hiilei^  aiid  thousandths  iiist^d  df  ttttettes. 

Example  5.  —  A  piotor  car  can  run  i  mile  in  ll4-5  decimal  seconds.  \Vh9il  I^As 
the  speed  per  hour? 

•nifetta)teftiirfesfbrHB.      .' 86'9&7 

0-5  X  T6i .  =  381 

W-938 
Vs  (W  -  ^62) =         '     g 

Exact  speed.      .     .       87-336 

« 

To  rMluce  khottiftndths  of  a  mile  to  yards  is  very  edsy  oilt»  we  have  made  ft  tublb 
of  the  first  nine  multiples  of  1,T60  : 

1  ...  1  760  6  ...  10  560 

2  .     .     .  3520  t  .     .     .  J2320 

3  .     .     .  5280  5  .     .      .       8800  8  .     .      .  14b80 

4  .     .     .  ^tt40  9  ...  is  840 

Thus  : 

0-3 528 

0-03 52-8 

0-006 10-6 

591-4 
The  speed  of  the  motor  car  is  thus  87  miles  891  yards  per  hour. 


Digitized  by 


Google 


[  688  .143.5  ] 


NOTE 

ON   THE 

METAL   SCREW   BUSHES    FOR   STRENGTHENING    RAIL   FASTENINGS, 

ON    THE  THIOLLIER   SYSTEM  W, 
By  X- 

Figs.  1  to  7,  pp.  ligS  to  1901. 


Mr.  J.  Thiollier's  metal  screw  bush  consists  of  a  steel  helix  (fig.  I)  of  oval  section,  with  a 
number  of  turns  depending  on  the  pitch  and  leng^  of  the  screwspike;  this  is  driven 
into  a  female  thread  cut  in  the  sleeper,  by  means  of  a  sharp  tap,  at  the  spot  where 
the  screwspike  is  going  to  be  placed.  The  bush  has  the  same  pitch  as  the  screwspike 
which  is  going  to  be  used,  and  its  internal  diameter  is  practically  the  same  as 
the  core  diameter  of  the  screwspike,  so  as  to  reduce  the  play  between  them  to  a 
minimum.  When  the  bush  is  in  place,  its  upper  end  is  flush  with  the  seat  cut  on 
the  sleeper;  below  its  lower  end  there  must  be  at  least  I  centimetre  (s/g  inch)  of 
wood  left. 

The  following  phenomena  are  observed  if  the  screwspike  securing  the  Vignoles 
rail  or  the  chair  to  the  sleeper  is  tightened,  when  such  a  bush  is  used  in  wood  with 
weak  or  damaged  fibre  : 

The  screwspike  at  first  turns  without  requiring  more  force  than  what  is  necessary 

for  overcoming  the  small  amount  of  friction  between  the  threads  and  the  bush,  the 

threads  having  previously  been  tarred. 

Fig.  i.  As  soon  as  tightening  begins,  whep  the  head  of  the  screwspike  comes  into  contact 

with  the  rail  or  the  chair,  the  bush  expands,  pressing  against  the  sides  and  adjusting 

itself  to  the  shape  of  the  screwspike ;  this  prevents  the  latter  from  working  loose,  and  the  helix 

acts  as  a  spring,  the  different  turns  all  being  affected  by  the  stress  produced,  parallel  to  its  axis, 

by  the  screwspike. 

As  the  bush  has  a  greater  diameter  than  the  screwspike,  it  is  supported  by  a  greater  surface 
of  wood  than  the  screwspike  if  used  by  itself;  and  when  sleepers  are  used  over  again,  the  screw- 
spike being  used  at  the  same  place  as  before,  the  bush  is  in  contact  with  less  weakened  or 
damaged  wood. 

Moreover  the  bush  works  elastically,  each  of  the  turns  of  the  spring  separately ;  whereas  a 
screwspike  if  over- turned  or  if  it  draws,  at  once  breaks  away  or  destroys  the  wood  in  contact 
with  all  the  turns  of  the  thread. 


(*)  Descriptions  of  this  system  have  appeared  in  the  Revue  ginirale  dea  chemine  de  fer,  January,  1904, 
in  Augustc  Moreau's  Traiti  dee  chemins  de  /Vr,  part  10,  in  the  Zeitschrift  dea  OsterreichtMchen 
Ingenictir'  und  Architekten  Vereines,  March  23,  1906,  etc. 
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These  statements  have  all  been  verified  by  the  following  experiments  on  drawing  spikes,  which 
were  made  either  with  the  apparatus  described  in  the  Revue  g^n4rale  for  September,  1899,  or 
with  a  special  hydraulic  appliance  devised  by  Mr.  ThioUier  (*). 


Pig.  2. 

Bacplanation  of  French  terms  :  Cuiv.  embouti  =  Flanged  copper.  —  Traverse  =  Sleeper. 
Cuvette  a  glycerine  =  Trough  eontaming  glyceriue. 

The  trials  and  observations  made  on  the  French  Western  Railway  are  shown  in  the  following 
table. 


KIND 
OF  SLEEPER. 


FORCB    RRQUIRBD 
TO  DRAW  SCRKW8PIKB 


OF  SCRJCWSPIKH. 


alone. 


with  bush. 


COMPRBS- 
SIVB  FORCE 

WHKN 

TIOUTKNINO 

UP. 


Remarks. 


!•  I>oaty  oak  sleeper 
(a,e»     .     .     .     .     . 


2*  Cracked    beech 
sleeper  (c).     .     .     . 


Outside 
I  (overturned). 

Inside 
(overturned). 


Near  the  craick. 


In  sound  wood. 


1,800  kilog. 
(3.968  lb.) 

800  kilog. 
(1,764  lb.) 


3,{00  kg.  (7,065  lb.) 


500  kilog. 
(1,102  lb.) 


2,000  kg.  (4,4(W  lb.) 

First  drawing: 
63)0  kg.  (14,9901b.) 

^    ,  Second  drawing  : 
(I2,lf51b.)  ^6,800 kg.  (14,9901b.) 

Third  drawing : 
7,090  kg.  {15,6301b.) 


I 


a)  Two  screwsplkes, 
one  inside  and  one  out- 
side, out  of  three,  over- 
turned; pilch  12*5  milli- 
metres (I/2  inch). 

h)  After  drawing,  the 
screwspikes  put  back  into 
place  in  the  liuiug  did  not 
become  over- turned. 


4,200  kilog.  1 
(9,260  lb.) 


5,000  kilog. 


c)  Easily  became  over- 
turned. 


3*  New  pine  sleeper,  . 
in  use  on  the  main  } 
line  for  four  years  ^ 
[d,e) 


4*  Fir    sleeper    used 
on  sidings  [f),    .    . 


Over-turned. 


Not 
over- turned. 


Over-turned. 


1,200  kilog. 

(2,645  lb.) 

1,700  kilog. 

(3,748  lb.) 

1,200  kilog. 

(2,6451b.): 

wood 

i    affected. 
1,700  kilog. 
(3.7841b.);  - 
wood  sound  | 


6.000kg.  (13,2281b.) 
6,200  kg.  (13,6691b.) 


>  2,800  kg.  (6,173  lb.) 


3,800  kilog. 
18,378  lb.) 


Bush  with  8  Vs  turns. 

I      d^  Two  screwspikes  out 
I  of  three,  over-turned. 

e)  As  b  above. 


Bush  with  6 1/2  turns. 
f)  Screwspike  overturn- 
ed. 


(*)  This  appliance,  shown  diagramatically  in  figure  2,  consists  essentially  of  a  trough  CC  filled  with 
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These  results  led  the  French  Western  Railway  to  extend  the  use  of  these  bushes.  In  19<)2, 
they  first  came  into  regular  use;  by  now  there  are  more  than  550,000  such  bushes  in  use  on  that 
line. 

METHOD  OF  PUTTING  IN  THE  BUSHES. 

Putting  in  these  bushes  involves  the  following  operations,  it  being  assumed  that  the  holes  for 
the  ordinary  screwspikes  have  already  been  bored  and  cleaned  out  : 

l^  Cutting,  by  means  of  a  special  tap  (&g,  3),  i?ie  female  thread 
"  for  the  bush. 

The  thread  for  the  bush  is  cut  by  means  of  a  special  tap,  having  a  plug 
end  of  the  same  diameter  as  the  hole,  which  acts  as  guide. 

This  tap  must  be  well  lubricated  before  it  is  used ;  if,  while  it  is  used,  it 
tends  to  sei2e,  it  must  be  taken  oilt,  khd  carehiUy  cleaned.  The  hole  must 
also  be  cleaned,  and  the  tap  entered  again,  care  being  taken  to  strike  the 
same  thread. 

The  thread  can  be  cut  by  a  single  tap  in  soft  wood;  in  hard  wood  two 
taps  are  used  in  succession.  The  thread  must  be  cut  of  a  length  equal  to 
that  of  the  bush.  If  the  sleeper  is  not  thick  enough  for  the  bushes  provided, 
it  may  be  necessary  to  cut  part  of  the  bushes  off. 

2*»  Puttiny  in  the  hush. 

In  order  to  screw  the  bush  into  the  sleeper,  it  is  first  screwed,  after 
greasing,  on  to  a  threaded  driver  (fig.  4).  6y  ttleans  of  this  it  is  driven 
home  into  the  female  thread  which  has  been  tap[)ed. 

It  may  happen  : 

a)  That  the  bush  only  enters  a  short  way  and  then  sKps  on  the  driver,  the 
last  turn  being  slightly  out  of  true  and  open,  so  that  it  does  not  properly  fit 
the  thread  cut.  In  this  case,  it  must  be  taken  out  altogether  by  replacing 
the  driver  by  a  rusty  screwpike  which  seizfcs  oft  the  bush  and  enables  the 
two  to  be  removed  together.  Another  bush  is  then  put  in,  care  being  taken  to  select  one  with  its 
last  turn  true. 

b)  That  the  upper  end  of  the  bush,  although  the  bush  has  been  driven  right  home,  projects 
above  the  seating.  In  this  case,  the  part  which  projects  is  cut  off  either  by  means  of  special 
shears,  or  more  simply  by  means  of  a  three-square  file. 

When  the  bushes  arc  in,  the  base  of  the  rail  or  df  the  chair  is  fixed  by  screwspikes  introduced 


Fip.  3.       Fig.  4. 
Tap.         Driver. 


glycerine  {gg)^  with  a  circular  cover  AA  having  in  the  middle  a  hole  through  which  the  screwspike  T 
passes.  The  edge  of  this  cover  presses,  by  means  of  a  flanged  copper  ring,  on  the  glycerine ;  the  pressure 
on  the  glycerine  is  read  on  the  pressure  gauge  M,  and  thus  the  force  exerted  by  the  screwspike  is 
determined. 
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into  the  holes  aad  then  tightened  right  up;  the  operation  is  just  the  same,  with  both  Vignoles 
rails  and  chairs,  as  if  sorews^ikes  alone  were  used. 

In  work  out  on  the  open  track,  if  the  gauge  of  the  track  is  satisfactory  and  the  existing 
scrcwspike  holes  are  in  the  right  position,  these  holes  themselves  are  threaded  direct  and  the 
bushes  put  in. 

If  not,  then  the  position  of  the  screwspike  holes  are  determined  by  the  usual  methods  adopted 
in  revision  work ;  and  this  gives  the  position  of  the  bushes  (see  means  for  correcting  widening  of 
i?auge,  in  the  list,  given  below,  of  the  chief  uses  of  these  bushes). 

The  practical  trial  of  five  years  of  use,  as  well  as  all  the  observations  made  and  referred  to  above 
tend  to  show  (subject  to  further  information  more  prolonged  trials  may  yield)  that  the  Thiollier 
bush  has  the  following  merits  : 

The  tools  required  are  few  in  number,  simple  and  inexpensive ; 

The  men  soon  learn  their  use ; 

Because  little  force  is  required  to  work  the  tools,  the  men  like  them ; 

They  are  easy  to  use,  even  on  lines  where  there  is  much  traffic ; 

Taking  out  and  replacing  the  screwspikes  does  not  damage  the  wood;  no  precautions  are 
necessary; 

It  makes  it  impossible  to  hammer  the  screwspikes  in ; 

The  wood  of  the  sleeper  is  not  weakened ; 

A  screwspike  can  be  put  in  at  the  same  place  where  it  no  longer  held  without  the  bush.  As 
thus  more  room  is  available  for  the  location  of  screwspikes  it  becomes  unnecessary  to  plug 
numerous  holes;  the  latter  operation  often  results  in  splitting  the  sleepers; 

It  is  possible,  if  necessary,  to  have  the  screwspike  where  there  is  a  small  shake; 

It  makes  it  possible  to  use  over  again  screwspikes  with  the  thread  somewhat  rusted; 

Soft  wood  can  be  used  more  extensively ; 

Sleepers  which  otherwise  could  no  longer  be  used  can  be  used  over  again. 

As  for  disadvantages  or  difficulties,  the  following  may  turn  up  : 

The  presence  of  a  metal  substance,  although  easy  to  see,  at  a  surface  which  is  adzed;  so  that 
a  man,  if  not  warned,  may  damage  his  adze; 

When  the  bushes  are  put  in  by  an  unskilful  man,  the  last  turn  may  become  opened  out.  This 
mak^  it  necessary  to  take  out  the  bush  and  replace  it  by  another; 

Finally,  it  is  necessary  to  have  at  least  1  centimetre  {^U  inch)  of  wood  below  the  lower  end  of 
the  bush;  this  requires  a  little  care  on  the  part  of  the  man  doing  the  work. 

APPROXIMATE  NET  COST. 

The  net  cost  of  the  bushes,  put  in  place,  is  an  important  factor  as  regards  their  use. 
The  first  cost  of  the  bushes  varies  with  the  size  of  the  screwspike.     It  is  as  follows  for  the  more 
usual  types : 
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SCRBWSPIKB8 

LBNOTU 

OF 

BUSH. 

NUMBKR 

OF 
TURNS. 

WKIOHT. 

COST  AT  WORKS  IN  QUANTITY 

(80  to  90  francs 

per  100  kilograms 

[£!.»«.  to  X1.13«.  per  100  lb.1). 

pitch. 

diameter  of  core. 

12-5mUlimetres 
(i|a  Inch). 

16*5  millimetres 
(M/ffl  iuch:. 

110  millimetres 
(4  »/„  inches). 

9 

0*158  kilogram 
(0-348  lb.). 

f  12  to  0*14  franc 
(1*15  to  1-34  pence). 

12*5  milUmetres 
{hi  inch). 

14  millimetres 
(»/•«  inch). 

100  millimetres 
(4  inches). 

8»l« 

0*140  kUogrom 
(0*309  lb.). 

0*11  to  0*12  franc 
(1*06  to  1*15  pence). 

1^5  millimetres 
iViinch). 

14  millimetres 
;»/•«  Inch). 

81  millimetres 
(3  »/w  inches}. 

6  Ml 

0*  109  kilogrum 
(0*140  lb.). 

0*085  to  0*09  franc 
(0*82  to  0*86  pence). 

10  millimetres 
We*  inch). 

15  millimetres 
(W/ffliuchV 

100  millimetres 
{4  inches). 

10 

0*135  kilogram 
(0*298  lb.). 

0*12  to  0-14  franc 
(1*15  to  1*34  pence). 

The  time  required  for  putting  in  the  bush  varies  according  to  conditions.     The  average  is  : 

At  a  separate  workshop,  not  on  the  track,  one  tapping  being  required  :  in  fir  or  pine,  2  to 

2  */%  minutes  per  man;  in  oak  or  beech,  3  to  3  ^/t  minutes  per  man. 

Out  on  the  track,  with  two  successive  tappings  required  in  order  to  get  rid  of  all  the  shavings : 

3  to  3  Vt  minutes  per  man,  whatever  the  kind  of  wood. 

Given  these  particulars,  it  is  easy  to  determine  the  net  cost  per  bush  in  place. 

We  may  add  that  this  bush  makes  it  possible  to  substitute  screwspikes  for  dogspikes  (the  latter 
have  little  strength,  but  are  still  used  in  some  countries),  and  that  in  the  same  holes,  without 
trouble  to  the  platelayer  and  at  a  very  low  cost. 

Results  obtained  in  the  French  Eastern  shops. 

The  result  obtained  is  that  if  the  same  amount  of  tightening  is  used  with  a  screwspike  alone. 


to    90    €0     70     $0     90    too   no    no   fSO  HO    tSO 

Effort  de  serrage  (en  KUogsJ 

Fig.  5.  —  Curve  No.  1.  —  Oak. 

Kastem  Railway  screvspike;  outside  diameter,  25  millimetres  («/:ainch}:  core  diameter,  16*5  millimetres  (>!/«  iuch) 

pitch,  12*5  millimetres  iVi  inch). 

Explanation  of  French  temuf  :  EfTort  de  serrage  ^en  kilogs'  =  Force  acting  on  wrench  (kilograms). 
Pression  (en  tonnes)  =  Pressure  (in  tons).  —  Tirefond  nu  =  Screwspike  by  itself. 

and  with  a  screwspike  with  a  bush,  the  useful  effect  obtained  in  the  latter  case  may  amount  to 
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double  that  in  the  former,  if  large  pattern  bushes  and  hard  wood  are  used.  In  the  course  of 
trial,  the  pressure  increases  very  nearly  proportionally  to  the  force,  until  the  moment  where  the 
core  of  the  screwspike  receives  a  permanent  set  owing  to  the  limit  of  elasticity  being  exceeded. 
With  a  screwspike  used  alone,  the  wooden  thread,  being  weaker,  would  strip  long  before  this 
result  could  be  attained.  Curves  1  and  2  (figs.  5  and  6)  show  the  results  of  tests  made  under 
these  conditions,  one  in  oak,  the  other  in  fir.  The  forces  applied  to  the  wrench  are  plotted  as 
abscissae  and  the  corresponding  pressures  as  ordinates. 


^   €0    7p    $0   90  wo  fie   no'fzo  tiO  fSO 
Effort  de  serrage  (en  Kilogs] 

Pig.  6.  —  Curve  No.  2.  —  Fir. 

Same  screwspikes  as  iu  curve  No.  1. 

Explanation  of  French  terms  :  Effort  de  serrage  (eu  kilogs)  »  Force  acting  on  wrench  (kilograms).  —  Pression 
,en  tonnes)  =  Pressure  (in  tons).  —  Tirefond  nu  =  Screwspike  by  itself.  —  Avec  platine  =  With  bedplate.  — 
Sans  platine  =  Without  bedplate. 


Tables  A  and  B  give  a  sununary  of  the  results  of  these  tests. 


Table  A.  —  Spikes  drawn  by  contintwus  pull. 


FASTENING  USED. 

KIR. 

OAK. 

BB3CH. 

Hemarks. 

23  maihnetre    (»/«  inch)    French   Eastern 
screifgntKe^  pitch,  UfS  nulUmetres  (i/j  inch); 

V  Screwspike  by  iUself 

2*          —          and  bush,  medium  pattern  .     . 

3*          —                —        large  pattern.    .     . 

2,700kilog. 
(5,g5J  lb.). 

4,600  kilog. 
(10,141  lb.). 

4,700kilog. 
(10,362  Ib.l. 

6,200  kilog. 
(13,660  lb.}. 

7,400  kilog. 
(16,314  lb./. 

7,500  kilog. 
(16,535  lb.). 

6300  kUog. 
(14,991  lb.) 

OverS.OOO  kilog. 
(Over  17.637  lb.) 

Over8.0a0  kilog. 
(Over  17.637  lb.) 

The  maximum  power 
of  the  testing  plant 
was  8.000  kilograms 
(17,^  lb.). 
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Tablk  B.  —  S2dhes  drawn  by  successive  pulls. 


FASTENING  USED. 


RISING  OF 
SCRK-VSHIKB. 


RISING  OF 
BCRKWSriKB. 


Bemarks. 


2S  millimetre  (»/«  inch)  French 
Eastern  Hcreirspike,  pitch,  12-5  mil- 
lifnetres  {^j^inch):  core  diam^rter. 
Its  millimeires  (S/g  inch) : 

First  upplicatiou 

Second  application 

Third  application 


4,600  kg. 
(10,141  lb.). 

4,300  kg. 
(9,480  lb.). 

3.?00  kg. 
(7,055  lb.). 


8  millimetres 
(»/iB  inch). 

8  millimetres 
(5/,a  inch). 

8  millimetres 
{6/,«  inch). 


7.400  kg. 
(16,3141b.). 

6.700  kg. 
(14,7711b.). 

6.500  kg. 
(14,330  lb.). 


6  millimetres 
(V4  iiich). 

6  millimetres 
(1/4  Inch). 

6  millimetres 
1/4  inch). 


As  the  resistance  of 
beech  was  greater 
than  the  maximum 
power  of  the  appa- 
ratus, it  was  not  pos- 
sible to  make  tests 
with  this  wood. 


Table  C.  —  Force  required  to  oner-tuni  the  screwspihes. 


FASTENING  USED. 

FIR. 

OAK. 

BKKCH. 

Remarks, 

23  millimetre   (^/gj  inch)  French 
Eastern  screwspiKe^pitch,  Jg-imit- 
limetres  (i/j  inch);  core  diameter, 
10-5  millimetres  (^l^  inch) : 

Without  bush 

Screwspike  and  bush,  large  pattern. 

50  kg. 
(1101b.) 

115  kg. 

(254  lb.) 

120  kilog. 
(265  Ib.T 

Over  150  kilog. 
(Over  330  lb.) 

120  kilog. 
(266  lb!) 

Over  150  kilog. 
lOver3301b.) 

We  consider  a  pull  of  150  kilo- 
grams (330  lb.)  as  one  consi- 
derably greater  than  two 
men  can  give  in  ordinary 
daily  work. 

The  oraiuary  pull  is  80  kilo- 
grams (176  lb.). 

COMPARATIVE  RESISTANCE  TO  OVER-TURNING. 
(Trials  made  in  the  Paris-Lyons-Mediterranean  workshops  at  Bourg  [Ain]). 

Screvospike^  by  itself^  in  Landespine  :  The  screwspikes  over-turn,  the  wood  thread  stripping, 
Its  soon  as  a  force  of  80  kilograms  (176  lb.)  is  applied  at  the  end  of  a  lever  60  centimetres  (2  feet) 
long. 

Screwspike  in  thread  cut  in  hard  wood  : 

At    50  kilograms  (110  lb.) 1  screwspike  over- turns. 

At    80       —         (176 — ) 38  sere wspikes  over-turn. 

At  100       —         (220  — ) All  the  other  screwspikes  over-turn. 

Screwspike  and  metal  bush  (bush  of  current  type,  wade  of  8  by  4  millimetre  [^/le  ^  */si  iftch] 
wire)  :  Not  a  single  screwspike  over-turns  when  a  force  of  125  kilograms  (276  lb.)  acts  on  the 
wrench ;  the  screwspikes  stretch  as  the  14  millimetre  i^^Ui  inch)  core  cannot  resist  the  application 
of  this  force  without  permanent  deformation. 

RESISTANCE  TO  CREEPING. 

(Trials  made  in  the  Paris-Lyons-Mediterranean  workshops  at  Bourg  [Ain]). 

In  pine  wood,  after  the  screwspike  had  been  driven  in  by  a  force  of  60  kilograms  (132  lb.) 
applied  at  the  end  of  a  lever  60  centimetres  (2  feet)  long  : 

Screwspike  by  itself 1,500  kilograms  (3,307  lb.). 

4,500        —        (9,920  —  ). 


—         in  a  thread  cut  in  hard  wood . 

■^        with  bush  of  8  by  4  millimetre  (^/^g  by  ^j^  inch)  wire 


6.000        —      (13,228-). 
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ELASTICITY  OF  THE  FASTENING. 
(Paris  workshops.) 

A  sorewspika  bj  itself  driven  into  oak  by  a  force  of  80  kilograms  (176  lb.)  applied  at  the  end 
olh\ew«r  60  centimetres  (2  leet)  long,  exercises  a  pressure  of  4,000  kilograms  (8,818  lb.;.  If 
sh»ked  hatf  a  milli»etre  (Ve4  indi)  it  no  longer  gives  any  pressure. 

WHk  a  sctewspike  and  bush,  giving  a  pressure  of  6,000  kilograms  (13,228  lb.),  the  following 
results  were  obtained : 

After  slackhig  0*5  miMhnetre  (^f^  inch)  pressure.     .     .      5,000  kilograms  (i  1,023  lb.). 


-  *-0  -  (3/64  -   )  - 

-  i-5  -  (Vi6  -  )  - 

-  g'6millimstre8(Ve4  —  )  — 

-  2-5         -  («/8£  -  )  - 

-  3-0        -  (Vs  -  )  - 


3,500 
2,500 
1,500 
1,000 
250 


(7,716-) 
(5,512-), 
(3,307—) 
(2,205-) 
(551 -) 


TvUd  of  drawing^  the  screwspike  by  jerldiig. 

The  result  of  this  trial  cannot  be  given  in  figures.  Mr.  Thiollier  proceeded  as  follows  :  the 
claw  of  a  claw-ended  pinchbar,  from  1'5  to  2  metres  length  (4  ft.  1 1  in.  to  6  ft.  6  '/^  in.j,  was 
placed  under  the  head  of  a  screwspike ;  the  men  then  jerked  the  other  end  in  order  to  draw  the 
screwspike. 

The  force  required  with  a  screwspike  and  bush  is  more  than  double;  moreover,  there  is  this 
advantage,  that  even  after  the  screwspike  has  been  drawn  several  times  it  can  be  tightened  up 
again  effectively,  whereas  if  the  screwspike  is  by  itself,  it  cannot  be  used  again  as  the  female 
thread  in  the  wood  is  destroyed. 

Retolti  obtained  at  the  Paris-Lyons-Mediterranean  workshops. 


at  tM  Mtft  of  a  two-lMndtd  box 
M  oortMttroo  (2  «MI)  Ions. 


WfthlMIMllOO 


ProMoro 
obUlMd  (t). 


for  irawlRfl  the  tplke. 


Nett  oak, 
Screwspike  vith  mediam  pattern  bash 


Screwspike  by  itself 


Oid  ^  wood  in  good  oondiiion, 

Screwspike   with   medium   pattern   bosh,  of 
8  by  4  mUltmetre  i*/it  by »/« inch)  wire.    .     . 

Screwspike  by  itself 

Repair  of  a  hole  in  flr  wood  in  very  good 
condKion  by  means  of  large  pattern  bush  .    . 


9U  kilograms 
{1981b.). 


b  kilograms 
(198  lb.). 


75  kilograms 

(l«Tb.). 

50kilog.{1101b.) 
[is  over-turned). 

75  kilograms 

(105  lb.). 


!•*  applica- 

itiou#  .  . 
2-*  tighten- 
ing ..  . 
2^  tighten 
ing  .  .  . 


3,800  kilograms  I 

(8,378  lb.).      \  - 


"  applica- 
tion. .  . 


5,040  kilograms 
(11.111  lb.). 

2,100  kilograms 
(4.63U  lb.). 

4,8:^4  kilograms 
(10,635  lb.}. 


f  tighten- 
ing ..  . 


!••  appiica- 
tion.  .  . 

!•*  applica- 
tion. .  . 

!••  applica- 
tion. .  . 


7.700  kilog. 
(16,976  lb.). 

6.500  kilog. 
(14,330  lb.]. 

5,200  kUog. 
(11,464  lb.). 

5,200  kilog. 
(11.4641b.). 

3,500  kilog. 
(7,7161b.). 


3.800  kilog. 
(8,378  lb.). 

1,800  kilog. 
(3,968  lb.). 

2,100  kUog. 
(4.030  Ib.y. 


;>)  The  core  of  the  screwspike.  which  only  has  a  diameter  of  14  millimetres  i^'-'/.^  inch\  becomes  stretched  near 
the  aeci  whei  lAe  compression  is  4,800  kiiogranw  (9,920  lb.). 
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The  table  given  above  shows  that  when  a  bush  is  used  to  repair  a  damaged  hole,  greater 
strength  is  obtained  than  when  a  screwspike  is  used  in  new  wood,  and  that  this  strength  is 
greater,  even  when  soft  wood  is  used,  than  the  track  requires. 

The  considerable  increase  in  the  strength  of  the  fastening  resulting  from  this  system,  and  its 
special  advantages,  are  shown  by  the  results  obtained  in  particularly  bad  cases.  As  instances, 
we  may  mention  very  sharp  curves  (Paris  Metropolitan),  iron  bridges,  longitudinal  sleepers,  etc. 

Although  every  country  is  under  different  conditions,  on  account  of  customs,  climate  and  the 
materials  already  in  use,  this  system  has  found  applications,  everywhere,  because  of  its  simpli- 
city and  its  inexpensiveness,  which  make  it  possible  to  adapt  it  to  all  requirements. 

In  countries  where  screwspikes  are  used,  the  ways  in  which  these  bushes  can  be  used  are 
given  later  on  in  the  list  of  its  principal  applications. 

In  countries  where  treenails  or  dogspikes  are  still  used,  this  system  makes  it  possible  to 
replace  them  by  screwspikes  without  making  fresh  holes  in  the  sleepers ;  and  thus  a  good  fas- 
tening can  be  substituted  for  a  defective  one. 

In  the  United  States  of  America,  where  labour  is  very  expensive,  and  where  consequently 
any  method  saving  labour  is  much  appreciated,  the  bushes  are  driven  into  the  sleepers  before 
these  are  laid.  All  the  man  has  to  do  is  to  drive  in  the  screw,  and  there  is  no  risk  of  anything 
going  wrong ;  this  is  easier  than  putting  in  a  dogspike  which  is  generally  in  an  inconvenient 
position. 

The  facility  with  which  screwspikes  can  be  put  in  and  taken  out  when  bushes  are  used, 
has  been  utilized  more  especially  in  countries  where  there  is  a  severe  climate,  such  as  Canada, 
Russia,  etc. 

The  inventor  lays  much  stress  on  the  economical  results  of  his  system.  The  saving  which  Uie 
use  of  the  Thiollier  bush  will  effect  is  as  apparent  on  very  busy  lines  as  on  lines  with  less 
traffic.  To  give  but  one  instance  of  this,  it  would  be  possible  to  reduce  a  gang  of  platelayers, 
from  five  men  to  three  men,  as  each  gang  has  to  look  after  6  kilometres  (3-7  miles)  of  line. 
The  saving  in  the  cost  of  maintenance  would  be  500  francs  per  kilometre  (£32*4^.  per  mile)  per 
year.  Finally,  bushes  would  make  it  possible  to  use  softer  and  cheaper  woods  with  as  much 
safety  as  harder  woods. 

PRINCIPAL   APPLICATIONS  OF  BUSHES  FOR  SCREWSPIKES 
IN   RAILWAY  WORK. 

Applied  away  from  track,  —  Bushes  can  be  used  : 

1°  To  strengthen  a  fastening; 
2»  To  utilize  very  soft  wood ;  * 

3"  To  facilitate  driving  screwspikes  into  very  hard  wood ; 

4"  To  repair  and  true  holes  which  are  too  large  or  in  which  the  screwspikes  no  longer  hold ; 
even  if  there  is  a  crack ; 

5°  To  utilize  old  screwspikes  with  worn  threads,  which  otherwise  would  have  to  be  scrapped. 

The  bushes  can  easily  be  put  in  by  machine  at  slight  expense. 

As  the  bush  can  be  and  should  be  dipped  in  tar,  it  is  protected  against  such  substances  as 
copper  sulphate  and  zinc  compounds  with  which  some  sleepers  are  pickled,  and  also  against 
becoming  rusted  by  the' effect  of  damp.     Thick  mineral  oils  can  also  be  used  for  this  purpose 
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Applied  on  track.  (In  case  of  a  screws  pike  which  has  stripped  its  thread.)  —  In  tracks  where 
chairs  or  bedplates  are  used,  all  that  is  necessary  is  to  slide  the  support  sideways  so  as  to  make 
the  hole  accessible  for  tapping.  The  holes  are  far  enough  from  the  bottom  of  the  rail  to  give 
the  necessary  clearance  for  working  the  tap  and  screwing  in  the  bushes,  which  only  requires 
5  or  6  millimetres  ('/i6  oi*  *U  inch)  more  space  than  the  thread  of  the  screwspike. 

On  a  Vignoles  track  the  tap  can  be  put  in  by  inclining  or  raising  the  foot  of  the  rail  2  to 
4  oentimetree  (•^/st  to  I  ^/le  inch).  In  this  way  displacing  the  sleeper  by  3  to  6  millimetres 
( Vs  to  V*  inch)  is  avoided,  for  this  operation  might  disturb  the  seat  of  the  sleeper  on  the  ballast. 

We  lay  special  stress  on  carrying  out  the  tapping  operations  under  the  easiest  conditions ; 
time  is  gained,  and  trouble  and  risk  of  bad  fitting  are  avoided. 

Succession  of  operations  when  linings  on  the  J.  Thiollier  system  are  pat  in. 


Screwspike 

LiDIDfT 

LIuinR  being 

Cutting 

screwed 

in 

screwed 

the  thread 

into 

place. 

in  by  means 

lor 

liuiuR. 

of  driver. 

the  lining. 
2"*  operation. 

3"  operation. 

Boring 
or  reaming 

the 
lead-hole. 
1"  operation. 


Fig.  7. 


To  correct  voidening  of  the  gauge,  —  Whatever  be  the  type  of  track,  all  that  is  necessary  is  to 
take  out  the  screwspikes  and  then  move  the  given  length  of  rail  back  to  its  correct  position  by 
means  of  pinchbars,  to  ^il  it  provisionally  in  this  position  by  means  of  a  stop  (spike  or  tie-bar); 
and  then  to  re-bore  or  clean  out  the  holes  which  are  then  threaded  to  receive  the  bush.  The 
success  of  the  succeeding  operations  depends  on  whether  this  boring  or  cleaning  is  done  pro- 
perly ;  the  plug  end  which  acts  as  the  guide  of  the  tap  fitting  the  walls  of  the  hole  exactly  and 
the  screwspike  coming  exactly  int^  the  centre  of  the  bush  which  rests  in  the  thread  cut. 

V.  XI  80 
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the  holes  in  the  chairs  or  bedplates  (in  the  case  of  tracks  where  such  are  usedj  serve  as  guides 
in  determining  the  centres;  in  the  case  of  a  Vignoles  track  the  same  method  is  adopted  as  when 
holes  are  cleaned  and  plugged. 

An  oval  hole  can  be  nutde  good  bj  means  of  the  bush.  The  latter  will  enter  the  wood  a  little 
less  at  the  ends  of  the  oral,  but  will  be  sufSciently  supported  by  taking  against  the  walls.  The 
screwspike  will  onc«  more  be  placed  contrail j  and  properly  held. 

In  a  crack,  —  As  in  the  case  of  an  oval  hole,  the  bush  is  suflRciently  supported  by  taking 
against  the  walls  of  the  hole.  As  it  acts  by  compressing  the  fibre  of  the  wood,  it  does  not  tend 
to  open  the  crack. 

Use  of  old  screwspihes.  —  Old  screwspikes  with  very  worn  threads  can  be  used  again,  as  the 
bush  fits  against  what  is  left  of  the  thread  and  holds  against  the  core. 

In  the  case  of  screwspikes,  coarse  threads  are  the  best  and  give  the  greatest  strength. 

In  soft  wood,  bushes  made  of  thick  wire  are  to  be  preferred. 

In  order  to  avoid  loss  of  metal  and  unneoessary  labour  care  must  be  taken  to  select  these  of  a 
length  suited  to  the  thickness  of  the  sleepers  in  question. 

Use  of  bushes  in  masonry  toork,  —  An  excellent  fastening,  which  can  easily  be  undone,  is 
made  by  building  into  the  masonry  a  screwspike  well  oiled  and  screwed  right  into  a  bush,  the  last 
4  or  5  turns  of  which  have  also  been  well  oiled  in  order  to  prevent  the  adhesion  of  the  cement  and 
to  give  a  little  elasticity  to  the  fastening.  Once  the  cement  has  set,  the  screwspike  can  be  screwed 
out  or  in  as  may  be  desired. 
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THE     WESTINGHOUSE     ELECTROMAGNETIC     BRAKE, 

By  chief  engineer  Rudolf  BRAUN. 

Figs.  1  lo  25.  pp.  1206  to  1216. 


{BleKtrische  Bahnen  und  Betriebe.) 


Electromagnetic  brakes  have  been  of  late  the  subject  of  more  attention  than  formerly.  Their 
first  use  on  electric  railways,  in  Germany,  is  due  principally  to  Schiemann.  In  othei*  countries, 
particularly  in  England,  they  are  used  very  extensively;  and  in  the  latter  country,  they  are 
rapidly  replacing  the  other  mechanically  operated  brakes,  as  it  has  been  found  that  they  are  the 
only  safe  brakes  in  the  long  run  and  under  very  varying  conditions,  such  as  occur  in  big  towns 
where  there  is  heavy  traflBc  and  where  the  condition  of  the  rails  is  often  unsatisfactory.  The 
organization  of  motor  bus  services  in  London,  has  led  to  many  investigations  in  order  to  work  out 
the  best  brake,  so  as  to  render  an  electric  car  as  safe  for  the  public  as  a  motor  bus. 

The  latter  has  the  great  advantage  that  it  can  be  steered  through  traffic  and  so  avoid  collisions. 
The  safety  of  a  motor  bus  is,  moreover,  increased  by  the  very  short  distance  in  which  it  can  be 
paUed  up  by  means  of  its  brakes.  Trials  have  shown  that  to  stop  within  2*5  metres  (8  ft.  2  in.), 
when  going  at  a  speed  of  12  kilometres  (7-5  miles)  per  hour,  is  nothing  extraordinary.  That  the 
brakes  of  a  motor  bus  are  as  a  rule  more  effective  than  those  of  an  electric  car,  is  chiefly  due  to 
the  greater  coefficient  of  friction  between  the  bus  wheels  and  the  rough  surface  of  the  road.  It 
is  true  that  this  superiority  of  the  motor  bus  is  less  marked  in  towns  where  the  adhesion  is  less 
or  even  dangerously  reduced  if  the  streets  are  watered  when  the  mud  has  not  been  removed ;  this 
disadvantage  however  also  affects  all  other  vehicles. 

But  these  abnormal  conditions  which  exist,  for  instance,  in  Berlin,  become  eliminated  of 
themselves  in  course  of  time.  The  results  of  the  extensive  trials  made  in  London  have  shown 
very  clearly  the  practical  value  of  the  electromagnetic  brake.  These  trials  were  made  principally 
with  two  types  of  brakes  : 

The  first  is  the  purely  electromagnetic  slipper  brake,  of  the  type  designed  by  Schiemann,  with 
the  addition  of  a  cranked  lever,  with  its  two  arms  so  proportioned  that  the  attraction  between  the 
electromagnet  and  the  rail  produces  a  greater  pressure.  This  greater  pressure  reduc>es  the 
wheel-loads  to  a  corresponding  extent ;  but  the  wheels  do  not  become  locked  as  long  as  the 
braking  moment  produced  by  the  motoy^  generating  the  current  operating  the  electromagnets  is 
less  than  the  maximum  braking  efiect  of  the  wheels,  i.  e.  the  wheel-load  multiplied  by  the  coeffi- 
cient of  friction. 
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this  brake  certainly  works  very  well;  moreover,  it  is  very  simple  aud  consequently  few  repairs 
are  necessary,  unless  something  goes  wrong  with  the  electrical  gear.  But  it  does  not  fully 
utilize  the  adhesive  weight  of  the  cars,  or  if  it  does  so,  the  braking  of  the  axles  is  only  effected 
by  the  motors,  which  consequently  are  liable  to  become  overheated. 

In  order  to  avoid  this  disadvantage,  the  electromagnets  of  the  Westinghouse  electromagnetic 
brake  are  mechanically  connected  with  the  gear  operating  the  brake  blocks,  so  that  the  magnetic 
attraction  is  also  utilized  for  applying  the  brake  blocks  to  the  wheels.  This  arrangement  makes 
it  possible  to  utilize  to  the  fullest  extent  all  possibilities  of  stopping  the  vehicle. 

The  axles,  whether  braked  mechanically  by  brake  blocks  applied  to  the  wheels,  or  electrically 
by  the  motors  acting  as  generators,  can  be  braked  to  the  extent  of  90  per  cent  of  the  maximum 
force  of  adhesion  between  wheel  and  rail  The  ratio  of  magnetic  attraction  to  brake  block 
pressure  adopted  is  such  that  this  limit  cannot  be  exceeded.  It  is  regulated  automatically,  for 
if  the  track  is  greasy,  the  magnetic  attraction  is  less,  so  that  altliough  the  adhesion  between 
wheels  and  rails  is  reduced,  there  is  no  chance  of  locking  the  wheels ;  and  if  the  wheels  became 
locked  the  retardation  would  of  course  be  reduced.  Moreover  the  electromagnet,  when  sliding 
on  the  rails,  tends  to  reduce  their  greasiness. 

We  give  figures  of  several  types  of  Westinghouse  brakes. 

Figure  1  is  the  early  type,  as  first  proposed  by  Newell ;  it  has  inside  brake  blocks. 

Figure  2  shows  the  Mark  Cunmiins  pattern.  The  brake  gear  is  much  simpler  than  in  the 
preceding  type. 

These  two  types  can  however  only  be  used  if  the  wheel-base  is  short,  as  the  rods  work  in 
compression. 

With  a  longer  wheel-base,  an  arrangement  similar  to  that  shown  in  figure  3  should  be  used. 
In  this  the  rods  work  ip  tension.  The  brake  blocks  ai'c  on  the  outer  side  of  the  wheels.  However, 
blocks  may  be  both  outside  and  inside.  Figure  4  shows  a  pattern  fitted  to  a  bogie  with  unequal 
wheels,  figure  5  to  one  with  equal  wheels. 

Many  other  types  are  also  used,  particularly  for  cars  taking  current  from  a  conduit,  as  for 
instance  in  London  and  in  Bournemouth.  This  brake  has  also  been  used  with  success  on  cars 
with  radial  axles  (fig  6).  It  may  be  stated  generally,  that  suitable  brake  gear  of  this  kind  can  be 
designed  for  any  car.  The  figures  show  several  patterns  used  in  actual  practice;  they  are  of 
interest  as  showing  applications  to  very  different  underframes. 

Trailer  cars  are  fitted  just  like  the  motor  cars,  and  the  electromagnets  are  coupled  up  in  parallel 
to  one  brake  main. 

The  electromagnets  themselves  were  originally  of  the  shape  shown  in  figures  1  to  5.  This  has, 
however,  now  been  replaced  by  a  new  shape  (patented  by  the  author)  which  makes  it  possible  to 
obtain  very  great  power  with  a  comparatively  small  amount  of  metal. 

The  curves  showing  the  attraction  of  the  magnets  may  be  used  with  advantage.  The  magnets 
shown  in  figures  1  to  5  give  the  curve  shown  in  figure  7. 

With  the  older  patterns  of  electromagnets  used,  the  amount  of  attraction  depended  on  the 
cross-section  of  the  rail.  It  is  not  possible  to  do  more  than  saturate  the  cross-section.  In  order 
to  overcome  this  objection,  a  number  of  poles  are  used,  in  some  designs ;  but  this  has  the  follow- 
ing disadvantages  : 

1<»  The  electromagnet  must  be  very  long  if  it  is  to  be  sufiiciently  powerful  for  practical  use; 

2*»  The  spaces  between  the  poles  are  wasted  as  far  as  attraction  is  concerned.  They  are  also 
objectionable,  from  the  mechanical  point  of  view,  at  crossings,  if  these  are  not  in  very  good 
condition,  as  any  projecting  parts  of  the  rails  easily  catch  in  these  spaces; 
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Fig.  i.  —  Westinghouse  electromagnetic  brake,  original  pattern. 
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Fig.  2.  —  Westinghouse  electromagnetic  brake,  the  Mark  Cummins  pattern. 


Fig.  3.  —  Westinghouse  electromagnetic  brake,  long  wheel-base. 
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3*»  The  renewal  of  the  slipper  blocks  is  more  costly  than  in  the  type  which  will  be  considered 
later  on; 

4<»  It  is  difficult  to  maintain,  in  practice,  the  insulation  of  the  many  coils  and  connections;  wet 
soon  exercises  a  very  disastrous  effect  if  there  are  even  slight  faults ; 

5*  The  resistance,  in  ohms,  of  the  numerous  coils  is  so  large  that  at  low  speeds,  e.  g.  1  kilo- 
metre (062  mile)  per  hour,  it  is  impossible  to  apply  the  brakes  suddenly. 

These  difficulties  are  overcome  in  a  very  simple  manner  in  the  electromagnet  designed  by  the 
author,  by  having  transverse  instead  of  longitudinal  magnetization  in  the  rails.  The  following 
advantages  result : 

!•  The  electromagnet  has  only  two  surfaces  in  the  direction  of  the  rails ; 

2**  The  empty  spaces  over  the  rails  are  eliminated.  The  electromagnet  cannot  catch  at  cross- 
ings. The  whole  rail  is  utilized  for  the  brake  action.  The  length  of  the  electromagnet  is  much 
reduced.  For  instance,  with  a  total  length  of  42  centimetres  (1  ft.  4  7io  in.)  on  the  rail,  the 
electromagnet  has  the  curve  figure  7,  which  is  very  similar  to  the  one  previously  obtained  with 
a  9  pole  electromagnet  about  twice  as  long ; 

3®  The  two  slipper  blocks  consist  of  flat  bar ;  their  renewal  is  consequently  a  very  inexpensive 
matter; 

4<*  There  is  only  one  coil,  wholly  encased  in  steel  (see  figs.  3  to  6).  The  joints  are  brazed  and 
soldered.     It  is  easy  to  insulate  the  coil  properly  and  permanently ; 

^  The  resistance  of  the  one  coil,  which  is  made  of  thick  strip,  is  only  a  small  fraction  of  an 
ohm ;  it  is  hence  practically  negligible. 

Consequently,  this  brake  acts  as  readily  at  low  speeds  as  the  rheostat  brake.  This  point  is  of 
pneat  importance  in  towns  with  much  traffic, where  cars  having  their  speed  already  much  reduced, 
have  often  to  stop  suddenly  at  points  where  roads  cross.  An  electromagnetic  brake  which  only 
works  at  higher  speeds,  e.  g,  at  over  3  or  4  kilometres  (1  '86  or  2*5  miles)  per  hour,  should  not 
be  used  in  towns. 

The  information  so  far  published  about  electromagnetic  brakes,  is  chiefly  of  a  theoretical 
nature.  In  order  to  determine  the  value  of  these  brakes  in  actual  practice,  extensive  trials 
were  made  on  the  lines  of  the  London  County  Council,  under  the  author's  supervision.  The 
object  of  these  trials  was  to  determine  the  following  points  : 

1**  Within  what  distances  can  stops  be  effected,  when  running  at  certain  maximum  speeds,  on 
dry  rails  and  on  greasy  rails,  in  cases  of  ordinary  stops  and  of  emergency  stops  : 

a)  By  means  of  the  rheostat  brake? 

h]  By  means  of  the  electromagnetic  brake? 

2"  >Miat  is  the  action,  at  any  given  moment  and  also  over  the  whole  period,  of  each  of  the 
separate  parts  concerned  in  the  braking  :  motors,  rheostats,  slipper  blocks  and  brake  blocks? 

3°  What  currents  are  produced  by  the  motors  during  the  operation,  and  of  what  voltages? 

4°  What  are  the  mean  and  the  maximum  values  of  the  curi'ents  and  the  voltages? 

5®  How  much  heat  is  produced  in  the  electric  circuit,  and  what  percentage  of  the  total  kinetic 
energy  of  the  car  is  transformed  into  heat  by  the  motors? 

6»  How  do  the  brakes  work  at  very  low  speeds? 
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7°  How  does  the  car  behave  on  falling  gradients? 

8°  Does  powerful  braking  inconvenience  passengers?     How  does  it  affect  them? 

^  How  are  the  rails  affected ?     itow  do  the  electromagnets  and  rails  wear*? 

Instruments  k'equired  for  this  investigation  were  kindly  lent  by  the  British  Thomson-Houston 
Company,  and  they  were  looked  after  by  ohe  of  the  engineers  of  that  company.  Among  them 
were  : 

l®  A  recording  ammeter; 
2®  A  recording  voltmeter ; 
3®  A  recording  speed  gauge. 
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Fig.  8. 


Fig.  9. 


Figs.  8  and  9.  —  Calibration  curves  of  ammeters  and  voltmeters  used  in  WeslinghoUse  brake  trials. 
Bxplanaiion  of  German  terms  :  Ampere  =  Amperes.  —  H6he  in  cm.  =  Height  in  centimetres;  —  Volt  =  Volts. 

The  ammeter  and  voltmeter  were  very  accurate  instruments  made  by  the  General  Electric 
Company.  Their  action  is  based  on  the  dynamometer  principle.  One  of  the  coils  is  fixed,  the 
other  is  movable.  The  latter  is  excited  by  an  accumulator  battery,  and  the  current  can  be 
adjusted  by  means  of  a  spiral  resistance  with  sliding  contact.  The  exciting  current  was  conti- 
nually controlled  by  means  of  an  accurate  Weston  amtneter,  and  it  was  kept  at  the  value  shown 
in  the  calibration  curves  of  the  National  Physical  Laboratory,  which  had  tested  the  instruments 
a  short  time  before  the  trials  commenced,  January  31,  1905.  The  calibration  curves  are  shown 
in  figures  8  and  9.  The  fixed  coil  of  the  instrument  is  excited  in  the  ammeter  by  the  total 
braking  current,  in  the  voltmeter  from  the  terminals  of  the  motors,  which  are  coUJiled  up  in 
parallel  during  the  braking. 

The  movable  coil  has  a  style  fixed  to  it,  which  records  the  movements  on  a  strip  of  paper  driven 
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bj  clockwork.     The  time  is  recorded,  every  five  seconds,  by  a  small  pencil  operated  by  an  elec- 
tromagnet. 

In  addition,  a  special  contact  was  placed  provisionally  on  the  controller,  so  that  a  circuit  was 
made  as  soon  as  the  handle  of  the  controller  was  moved  into  the  position  for  beginning  braking. 
The  time  pencil  also  recorded  this  moment  on  the  paper  strip.  This  enabled  the  time  required 
for  braking  to  be  measured  accurately. 

The  speed  gauge  used  was  a  Boyer  Speed  Distance  Recorder,  made  by  the  Boyer  Machine 
Company,  of  Detroit,  Mich.  This  apparatus  has  a  small  centrifugal  oil  pump.  The  pressure 
acts  on  a  small  piston  which  compresses  a  spring,  and  so  the  movement  of  the  piston  measures  the 
speed.  It  is  recorded  on  a  strip  of  paper  which  is  driven,  by  means  of  gearing,  by  the  axle ;  so  the 
travel  of  the  paper  is  always  proportional  to  the  distance  the  car  has  run.  The  instrument  was 
adjusted  so  that  29  inches  =  736  millimetres  of  the  paper  corresponded  to  a  run  of  1  mile 
=  1,609  metres. 

The  accuracy  of  this  adjustment  was  checked  by  a  large  number  of  measurements  made  on  a 
straight  and  level  section  of  line  */«  mile  =  805  metres  long;  this  section  had  been  carefully 
measured  by  means  of  a  tape. 

The  diameter  of  the  belt  driven  pulley  working  the  instrmnent  could  be  increased  or  reduced 
to  a  slight  extent,  and  this  made  it  possible  to  adjust  the  ratio  of  reduction  of  the  gearing  very 
accurately.     The  calibration  curve  of  the  speed  recorder  is  shown  in  figure  10. 

The  speed  gauge  was  also  fitted  with  an  electromagnetic  device  which  marked  on  the  paper  the 
moment  the  bi*akiilg  began.  A  second  nlark  Was  made  the  nioment  the  car  stopped;  the  handle 
of  the  controller  was  then  moved  back  to  the  starting  position .  The  length  of  stop  was  tlius  shown 
by  the  distance  between  these  two  marks  on  the  strip  of  paper. 

This  method  of  procedure  elimiiidted  any  important  errors  of  observiltion.  The  accuhicy  of 
all  the  instruments  used  was  once  more  checked  by  the  engineers  of  the  London  County  Council 
and  of  the  various  firms  concerned,  before  the  trials  began. 

The  obsei'vationfe  wfere  carried  out  during  a  series  of  trial  runs  macle  between  evening  and 
morning  diiring  sit  nights,  within  a  period  of  three  weeks.  Sand  was  not  used  during  the  trials. 
Many  trials  were  mside,  the  brakes  being  used  about  500  times,  and  the  results  were  plotted  as 
cdrvQs. 

The  car  ilsed  for  the  trials  weighed  nearly  12  tons,  instruments  and  dbservers  included.  The 
body  was  carried  on  two  bogies  of  the  type  shown  in  figure  4.  Each  bogie  had  two  electro- 
magnets joined  in  series.  The  tWo  bogies  were  coupled  up  in  parallel,  so  that  the  total  resistance 
of  the  four  electromagnets  was  the  same  as  that  of  a  single  one. 

Each  bogie  had  a  Westinghouse  hiotor  No.  200M,  of  30  hor^e-power.  Figures  1 1  and  13  give 
the  particulars.  These  motors  are  joined  in  parallel  while  the  braking  is  effected.  The 
controller  had  seven  contacts  for  brake  applications. 

The  particulars  of  the  braking,  with  a  mean  of  25  aihperes  {maximum,  about  30,  and  mini- 
mum, about  20  ariiperesj  are  shown  in  the  MuUer  braking  diagram,  figure  16.  Figure  12 
shows  some  of  the  amperage,  voltage  and  speed  curves  recorded  by  the  instruments. 

Characteristic  instances  of  emergency  stops  are  shown  in  figures  14  (rheostat  bt^ke)  and 
figures  15  (electromagnetic  brake).  In  both  cases  the  maximum  speed  was  the  same,  and  the 
diagrams  are  on  the  same  scale.  In  the  trial  of  figure  1 4  the  electromagnets  had  been  short- 
circuited.  The  trial  with  the  rheostat  brake  shows  .the  well-known  jerky  action.  The  current 
varies  considerably;  the  average  amperage  remains  nearly  the  same  at  all  speeds.  There  arc 
many  more  maximums  than  brake  contacts  on  the  controller ;  this  is  due  to  the  fact  that  when 
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an  emergency  stop  is  made  with  the  rheostat  brake,  and  no  sand  is  used,  it  is  very  difficult  to 
avoid  locking  the  wheels  at  times.  Of  course  this  was  prevented  as  much  as  possible,  so  as  to 
reduce  the  length  of  stop.     The  amperage  (fig.  15)  falls  progressively  from  the  maximum  to 
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Fig.  10.  —  Calibration  curve  of  speed  gauge. 


Fig.  11.  —  Particulars  of  Westinghouse  motor 
No.  200  M,  of  30  horse-power. 


Explanation  of  German  terms  of  the  figure  10  :  Geschwindigkeit  I.  km.  pro  Slunde  =  Speed  iu  kilometres  per  hour. 

—  H6he  in  cm  =  Height  iu  centimetres. 
Explanation  of  German  terms  of  the  figure  11  :   Abgegebene  Leistung  «  Power  given.  —  Drehaahl  bei   75'  C. 

=  Number  of  revolutions  at  75*  C.  —  Geschwindigkeit  bei  525  volt  =  Speed  at  525  volts.  -  Wirkungsgrad 

=  Efficiency.  —  ZugefOhrte  Leistung  =  Power  absorbed.  —  ZugKraft  =  Pull. 

Ordinates.  —  !'•  col. :  number  of  revolutions  and  kilograms;  ff  col.  :  percentages  and  horse-power ;  3*  col. :  kilometres 
per  hour. 


i^_L 


Fig.  12.  —  Specimens  of  amperage,  voltage 
and  speed  curves  recorded  during  the 
trials. 


Fig.  13.  —  Losses  of  Westinghouse  motor  No.  200  M, 
of  30  horse-power. 

Explanation  of  German  tcrmx  :  Drehwihl  =  Number  of  revolutions. 
Eisenverluste  u.  Relbung  =  Los-scs  iu  iron  and  friction.  —  Reibuug  =  Friction.  —  SlromsUlrke  =  Intensity. 

zero,  and  becomes  reduced  as  the  speed  becomes  reduced.  This  property,  which  results  from 
the  construction  of  the  Westinghouse  brake,  is  very  important  as  regards  the  efficiency  of  the 
brake,  for  as  the  coefficient  of  friction  between  the  brake  blocks  and  the  wheels  is  smaller  at 
higher  speeds,  it  is  necessary  for  the  brake  block  pressure  to  be  reduced  automatically  as  the 
speed  becomes  reduced,  or  else  the  wheels  will  become  locked.     The  electromagnet  (figs.  3  to  6) 
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is  constructed  so  that  its  core  does  not  become  saturated  within  the  limits  of  the  use  of  the  brakes 
in  actual  practice  (fig.  7),  and  so  that  the  change  in  the  coefficient  of  friction  is  compensated  by 
suitable  adaptation  of  the  magnetization  curve  of  the  steel.  Consequently,  in  spite  of  the  reduc- 
tion of  the  brake  pressure,  the  brake  action  is  not  reduced;  nor  is  it  exceeded. 

If  the  amperage  and  voltage  curves  are  examined,  it  will  be  noticed  that  the  current  some- 
times continues  to  flow  after  the  car  has  stopped,  often  even  for  two  seconds  (figure  15  shows 
half  a  second).  It  was  found  that  this  phenomenon  was  not  due  to  the  inertia  of  the  msiss  of  the 
movable  coil,  as  the  style,  if  moved  by  hand,  at  once  returned  to  the  zero  line,  without  marking 
any  such  curve  on  the  paper. 


Fig.  15. 

Fig.  14. 
Figs.  14  and  15.  —  Emergency  stops,  rheostat  brake  and  Westinghouse  brake. 

Explanation  of  Gtrman  terrm  :  Bremszeit  Sek.  =  Time  of  braking  in  seconds.  —  Leistung  =  Power. 
Spannung  =  Pressure.  —  Stromst&rke  =  Intensity. 

It  was  recognized  that  the  true  cause  of  this  phenomenon  was  the  self-induction  of  the  motors 
and  of  the  electromagnets.  If  the  instrument  was  short-circuited  at  the  moment  of  stopping,  the 
curve  disappeared.  This  property  is  by  no  means  a  disadvantage;  it  contributes  essentially  to 
the  fact  that  the  car  is  quite  stopped,  even  on  steep  falling  gradients,  by  the  use  of  the  electro- 
magnetic brake  alone,  and  then  remains  standing  still  for  the  next  three  to  five  seconds,  after 
which  it  slowly  moves  down  about  50  centimetres  (1  ft.  7  **/i6  in.),  and  then  stops  again.  This 
property  is  characteristic  of  the  Westinghouse  electromagnetic  brake  and  is  very  valuable  in 
actual  practice. 

By  multiplying  together  the  ampere  and  voltage  values  obtained  simultaneously  during  all  the 
trials,  the  watt  curves  shown  in  figures  14  and  15  were  obtained. 

The  surfaces  bounded  by  the  ampere  curves  represent  the  ampere-seconds,  that  is  to  say,  the 
total  quantity  of  electricity  which  has  passed  through  the  circuit  during  the  braking  operation. 
The  surfaces  bounded  by  the  watt  curves  represent  the  total  number  of  watt-seconds  developed 
during  the  braking  operation,  that  is  to  say,  the  heat  produced  within  the  brake  circuit. 

Figure  17  shows  the  result,  in  ampere-seconds,  for  the  rheostat  brake  and  the  electromagnetic 
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Pig.  16.  —  Miiller  brake  diagram.     Weslinghouse  motor  No.  200  M  of  30  horse-power. 

Explanation  of  German  terms :  Abstufuug  der  WidersUliide  =  GruduatioU  of  resistaoces.  —  Ampere  pro  Motor 
u.  Magnet  »=  Amperes  per  motor  uud  per  electromagnet.  —  Hdchstgeschwiudigkeit  =  Maximum  speed.  — 
Klemmspaiiuuug  des  Motors  »  Pressure  at  termiuals  of  motor.  —  Gegeu-B.  M.  K.  des  Motors  =  Counter- 
electromotive  force  of  motor.  —  Ohm  im  Bremsstromkreis  ■»  Broke  circuit,  number  of  ohms.  —  Stromstiirkeu 
=  Intensities. 
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Fig.  17.  —  Braking  power  and  length  of  slop, 
rheostat  brake  and  Weslinghouse  brake. 


Fig.  18.  —  Minimum  length  of  stop, 
on  dry  track. 


Rxfilanalion  of  (iermttn  terms  of  the  figure  17     Ami)eresekuudeu  =  Ampere-seconds.  —  Bremsweg  =  Length  of 

slop.  —  W'iderstuudsbremse  =  Rheostat  brake. 
Explanation  of  German  t^rms  of  the  figure  IS  :  Bremsweg  in  m.  =  Length  of  stop  in  metres.  —  Hftchstgeschvin- 

digkeil  in  km.  pro  Stunde  «  Maximum  speed  iu  kilometres  per  hour. 

brake,  referred  to  the  maximum  speed  at  the  moment  the  brakes  are  applied.  Ordinary  stops 
and  emergency  stops  gave  nearly  straight  lines.  This  result  can  also  be  explained  theoretically 
if  we  assume  that  for  equal  speeds  the  action  of  the  brakes  on  the  car  increases  and  decreases 
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with  the  strength  of  the  current.  For  the  same  maximum  speed,  the  more  current  there  is,  the 
greater  the  deceleration  and  the  shorter  the  time  required  for  stopping ;  or,  expressed  mathe- 
matically, let  : 

V  =  maximum  speed ; 
y  =  deceleration ; 
t  =  time  of  stopping ; 
i  =  strength  of  current ; 
K  =  constant ; 


so  that 
then  : 


7  =  K.t, 

t,  =  y  .  «  =  K  [it). 


In  other  words,  the  quantity  of  current  only  depends  on  the  speed,  not  oh  whether  the  brakes 
are  applied  more  or  less  strongly ;  if  the  speed  is  twice  as  great,  twice  as  much  electricity  will  be 
required. 

Figure  17  shows  the  average  length  of  stop  in  the  case  of  emergency  stops  on  a  wet  track, 
considered  slippery  by  the  experts,  as  being  in  the  greasy  condition  which  results  in  London  at 
that  time  of  year  (February)  owing  to  the  damp  air  and  the  dirt  produced  during  the  day. 

Figure  18  shows  the  results  of  braking  trials  carried  out  inside  a  large  covered  shed  on  an 
absolutely  dry  and  good  track. 
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Pig.  19.  —  Power  developed  in  brake  circuit. 


Fig.  20.  —  Maximum  intensities, 
Weslinghouse  brake. 


Explanation  of  German  t>*rmi  of  the  figure  19  :  HGchtsgescliwiudigkeit  km.  pro  St.  =  Maximum  speed  in  kilometres 
per  hour.  —  Kw-Std.  =  Kilo  watt- hour.  —  Widerstandsbremse  =  Rheostat  brake. 

Expianatlon  of  German  terms  of  the  fhure  20  :  BremsstromstUrke  pro  Motor  =  Brake  circuit  intensity  per  motor. 
—  BrcmRStromstiU-ke  gesami  «  Totail  brake  circuit  intensity.  —  Gebrauchsbrcmsuug  «  Ordinary  stops.  — 
NotbremsanK  =  Emergency  stop. 

Figure  20  gives  the  momentary  maximum  strength  of  the  current  in  stops  made  by  means  of 
the  Westinghouse  brake,  as  shown  in  all  the  curves  recorded.     These  maximums  are  to  be 
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understood  as  occurring  at  some  moment  during  the  braking,  not  as  occurring  exactly  at  the 
maximum  speed.  With  the  rheostat  brake,  these  figures  for  the  strength  are  100  to  120  per 
cent  greater.  As  for  the  volt^es,  the  maximums  were,  for  instance,  225  volts  with  the  Westing- 
house  brake  and  375  volts  with  the  rheostat  brake,  at  16  kilometres  (9-9  miles)  per  hour,  and 
450  and  700  volts  respectively  at  24  kilometres  (14-9  miles)  per  hour. 
Figures  21  and  22  give  the  mean  values  for  the  amperage  and  the  voltage. 
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Fig.  22. 


Figs.  21  and  22.  —  Mean  intensity  and  pressure,  rheostat  brake  and  Westinghouse  brake. 

Explanation  of  German  terms  :  H6chst«eschwiudigkeit  km.  pro  St.  =  Maximum  speed  in  kilometres  per  hour. 
Spannung  =  Pressure.  —  StromstArke  =  lutensity. 

With  a  maximum  speed  of  19  kilometres  (11*8  miles)  per  hour,  the  mean  intensity  was  about 
50  amperes  in  the  case  of  ordinary  stops  and  emergency  stops  with  the  rheostat  brake ;  and 
13'5  amperes  in  the  case  of  ordinary  stops  and  26  amperes  in  that  of  urgency  stops,  with  the 
Westinghouse  brake,  although  the  brakes  often  acted  more  powerfully.  (See  below.) 

It  is  well  known  that  the  rise  of  temperature  produced  by  repeated  applications  of  the  rheostat 
brake  often  has  a  very  disastrous  effect  on  the  electrical  equipment  of  cars.  As  a  rule,  the 
motors  and  resistances  often  become  heated  quite  enough  during  their  regular  work,  and  further 
heating  is  to  be  avoided. 

The  heating  of  the  electrical  equipment  depends,  in  the  first  place,  on  the  amount  of  heat  gene- 
rated, and  this  depends  on  the  number  of  kilowatt-seconds  produced  during  the  braking  and 
transformed  into  heat  in  the  circuit.  In  order  to  compare  the  kilowatt-seconds  produced  with 
the  rheostat  brake  and  with  the  Westinghouse  brake,  we  show  them  in  figure  19  as  functions  of 
the  maximum  speed.  It  will  be  seen  that  the  electromagnetic  brake  gives  but  little,  and  conse- 
quently only  an  insignificant  rise  of  temperature  is  produced  during  the  braking.  An  example 
will  make  this  clear.  If  at  a  speed  of  19  kilometres  (11-8  miles)  per  hour,  the  equipment  of  a 
braked  car  shows  an  increase  of  temperatui*e  of  30®  C.  (54"  Fahr.)  with  the  rheostat  brake,  then 
assuming  that  the  rise  of  temperature  of  the  same  equipment,  but  with  the  electromagnetic  brake, 
is  proportional  to  the  kilowatt-seconds  produced,  this  ratio  will  be  as  7  to  81  kilowatt-seconds, 
i.  ^.  as  1  to  irS. 
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The  rise  of  temperature  can  thus,  under  such  conditions,  only  amount  to 


30 
II  5 


=  2-6°  C. 


(4-70  Fahr.)  with  the  electromagnetic  brake,  and  is  hence  negligible;  whereas  a  rise  of  30®  C. 
(54®  Fahr.)  may  occasionally  have  disastrous  result  when  the  motors  in  ordinary  running  already 
become  heated  70  or  80®  C.  (158  or  176®  Fahr.). 

The  two  curves  in  figure  19  show  the  electrical  energy  in  each  case. 

Figure  23  gives  a  summary  of  the  results  in  another  way.  The  decelerations  in  kilometres 
per  hour  are  given  as  a  function  of  the  maximum  speeds  at  which  the  brakes  were  applied. 

The  decelerations  obtained  by  the  rheostat  brake  never,  in  the  case  of  emergency  stops,  exceed 
2  kilometres  (1  -24  mile)  per  hour  per  second,  although  everything  (sand  excluded]  was  done  to 
obtain  the  best  possible  result.  Under  the  same  conditions  and  on  the  same  track,  tJie  Wes- 
tinghouse  electro-magnetic  brake  gave  9*5  kilometres  (5*90  miles)  per  hour  per  second,  and  this 
was  practically  constant  at  speeds  over  about  10  kilometres  (6*2  miles)  per  hour.  The  decelera- 
tions shown  in  figure  23  are  the  means  during  the  whole  time  of  braking.     They  are  calculated 

from  the  maximum  speeds  and  the  lengths  of  stop  (fig.  18)  by  means  of  the  equation  - — 

cgB 

The  time  which  elapses  until  the  motors  are  fully  excited  does  not  exceed  V*  second  and  is 

materially  shorter  than  the  time  required  for  applying  the  hand  brake  or  the  compressed  air 

brake  :  that  is  the  advantage  of  using  electricity. 
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Fig.  23.  —  Mean  decelerations.  a  « 

Fig.  24.  —  Two  examples  showing 
how  the  braking  proceeds.  Westing- 
house  brake. 

Explanation  of  (ierman  t^rmn  :  HOchstgeschwindigkeit  km  pro  Std.  =  Muximum  speed  iu  kilometres  per  hour. 
Km.  pro  Std.  pro  Sek.  =  Kilometres  per  hour  per  se^;ond.  —  Mitil.  Verz6gerung  =  Mean  deceleration. 

Two  deceleration  curves  showing  the  action  of  the  Westinghouse  brake  are  given  in  figure  24, 
one  at  moderate  speed  and  one  at  high  speed  (curves  A  and  B).  In  case  A,  the  curve  ascends  to 
a  maximum  which  is  reached  at  the  moment  of  stopping.  At  higher  speeds,  the  curve  ascends 
a  little  more  quickly  than  in  curve  A,  but  stops  at  an  intermediate  value.     Then,  the  speed 
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becoming  reduced,  the  same  maximum  is  attained  in  case  B  as  in  case  A.  It  will  be  seen  that 
in  case  A,  the  mean  is  less  than  in  case  B,  although  in  case  A  the  maximum  deceleration  is 
attained  in  less  time;  for  these  reasons  the  curves  at  first  sight  seem  rather  paradoxical 
(fig.  23). 

If  we  consider  the  whole  trials  and  strike  a  balance,  in  other  words  if  we  inrestigate  how, 
and  in  what  proportions,  the  kinetic  energy  is  transformed  during  the  braking,  we  arrive  at  a 
very  interesting  result.  We  will  take  the  results  obtained  at  the  speeds  of  16  to  24  kilometres 
(9*9  to  14' 9  miles)  per  hour  and  we  will  assume  that  the  total  kinetic  energy  of  the  car  is  repre- 
sented by  100,  so  that  the  different  items  are  percentages. 


A  B 

Fig.  25.  —  Comparison  of  losses,  Westinghouse  brake  (A)  and  rheostat  (B). 

Explanation  of  German  terms  :  Bremswirkung  =  Action  of  brakes.  —  Kupferverluste  im  Motor  =  Losses  in  copper 
of  motor.  —  UtnmugnetisLruugsurbeit  u.  Motorreibuug  =  Tniusformaiioo  in  electromagnets  and  friction.  —  Verlusl 
im  Widerslaud  =  Loss  in  the  resistances.  —  Wageureibuug  =  Friction  of  car. 

Figure  25  shows  this  summary  for  the  Westinghouse  brake  (A)  and  for  the  rheostat  brake  (B). 
The  resistance  of  the  car  (the  rolling  resistance  plus  air  resistance)  is  3-55  per  cent  in  case  A 
and  18  per  cent  in  case  B.  This  difference  is  due  to  the  fact  that  the  length  of  stop  is  greater 
in  the  second  case.  The  loss  in  the  iron  and  the  friction  of  the  motors  amount  to  1*64  per  cent 
of  the  total  kinetic  energy  of  the  car  in  case  A,  and  to  8*22  per  cent  in  case  B.  The  loss  in  the 
copper  of  the  motors  is  0*45  per  cent  in  case  A,  and  0-68  per  cent  in  case  B;  that  in  the  resis- 
tances is  4*75  per  cent  in  case  A,  and  67- 1  per  cent  in  case  B.  All  these  different  factors  come 
into  play  during  the  braking,  and  add  up  to  100  per  cent,  the  total  kinetic  energy  of  the  car. 

It  may  be  advisable  to  explain  how  these  figures  are  arrived  at.  The  resistance  of  the  car  was 
determined,  on  the  one  hand,  by  calculation  according  to  the  accepted  formulae,  and  directly  by 
starting  the  car  and  then  measuring  the  time  and  distance  within  which  it  stopped.  We  know 
that  the  tangent  of  this  curve  is  proportional  to  the  resistance  to  friction.  The  loss  in  the  iron 
and  the  friction  in  the  motors  were  determined  in  trials  made  at  the  works  where  they  were 
manufactured  (fig.  13),  and  the  values  for  the  speeds  and  currents  in  question  were  taken  from 
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diese  records.  These  values  of  course  vary  a  little  with  different  motors;  but  the  difference 
cannot  be  great,  and  the  ratio  for  the  two  brakes  can  change  even  less. 

The  loss  in  the  copper  was  calculated  from  the  square  of  the  momentary  intensities  of  the 
recording  instrument  and  the  resistance  of  the  motors  when  running.  The  curves  t*io  measured 
with  a  planiu  eter  then  give  the  total  loss. 

The  loss  in  the  resistances  was  determined  by  multiplying  the  momentary  values  of  the 
amperage  and  voltage,  and  measuring  the  watt  curves  with  a  planimeter.     By  adding  up  these 

different  values,  the  total  kinetic  energy  of  the  car  -^  (momentum  of  the  revolving  wheels  and 

armatures  included)  was  obtained  with  great  accuracy. 

By  adding  up  the  same  values  in  case  A,  we  only  obtain  10*4  per  cent,  so  tJiat  the  balance, 
89*6  per  cent,  must  have  been  destroyed  by  the  Westinghouse  electromagnetic  brake,  that  is  to 
say,  by  the  friction  between  slippers  and  rails  and  between  brake  blocks  and  wheels. 

In  order  to  check  the  accuracy  of  this  figure,  the  magnetic  attraction  of  the  slipper  brakes  to 
the  rails  was  measured  directly  at  different  speeds,  and  the  results  obtained  were  checked  by  the 
attraction  curves.  By  taking  into  consideration  the  mechanical  ratio  of  the  brake  gear  and  the 
coefficient  of  friction  of  the  brake  blocks,  it  was  possible  to  calculate  the  total  forces.  Moreover 
trials  were  made*  the  car  being  started  and  then  allowed  to  come  to  rest,  with  the  electromagnets 
excited  by  a  battery  of  accumulators,  and  that  with  : 

1<»  The  slipper  brake  only ; 

2®  The  slipper  brake  and  the  brake  blocks  acting  on  the  wheels. 

The  retardation  so  determined  agreed  very  well  with  the  896  per  cent  as  given  above. 
Comparing  the  ratio  of  the  similar  losses  of  the  rheostat  brake  and  of  the  electromagnetic 
brake,  the  following  figures  are  obtained  : 

Loss  due  to  resistance  of  car 18*0    :  3'55  =    5-08  :  1. 

—  in  the  iron  and  friction  in  the  motors      ....  8*22  :  1*64  =    5*01  :  1. 

—  in  the  copper  of  the  motors 668  :  0*45  =  14*85  :  1. 

—  in  the  rheostats 671    :  4*75  =  141    :  1. 

The  rise  of  temperature  in  the  electrical  equipment  is  thus  about  fourteen  times  as  great  with 
the  rheostat  brake  as  with  the  electromagnetic  brake. 

The  author  has  often  been  asked  the  following  question  :  How  is  it  that  with  an  identical 
electrical  equipment,  including  similar  motors,  controllers  and  resistances,  there  is  much  less 
current,  and  consequently  less  heat,  when  the  electromagnetic  brake  is  used  i 

The  answer  to  this  question  is  that  the  motorman,  feeling  the  greater  retarding  force  which 
is  produced,  himself  sets  the  handle  of  the  controller,  at  the  same  given  velocity,  on  a  contact 
corresponding  to  a  greater  resistance  than  when  operating  the  rheostat  brake.  When  the 
braking  commences,  the  handle  being  on  contact  No.  1,  the  current,  it  is  clear,  is  the  same. 
But  whereas  with  the  rheostat  brake,  the  motorman  perhaps  at  once  goes  on  to  contacts  Nos.  2 
and  3,  because  the  brake  does  not  seem  to  him  to  act  strongly  enough  when  contact  No.  1  is  used, 
with  the  electromagnetic  brake  he  continues  on  contact  No.  1 ;  and  once  the  change  of  phase  is 
acting,  he  can,  even  more  quickly  than  with  the  rheostat  bfakc,  place  the  handle  in  the  short 
circuit  position,  as  the  greater  deceleration  reduces  the  speed  more  quickly. 

A  very  interesting  fact  comes  out  in  these  trials.  Adding  the  losses  in  the  motors  and  the 
rheostats  together,  we  obtain  in  the  case  of  the  electromagnetic  brake  1*64  +  0*45  +  4*75 
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=  6*89  per  cent  of  the  total  kinetio  energy  of  the  car.  Now  if  we  consider  that  the  tis  vitxi  of 
the  armatures  is  equal  to  from  5  to  8  per  cent,  we  are  led  to  the  conclusion  that  the  latter  suflSces 
for  producing  the  energy  necessary  for  the  braking.  Thus  while  the  brakes  are  on  there  cannot, 
on  the  whole,  be  any  appreciable  pressure  between  the  teeth  of  the  gears  concerned. 

This  fact  shows  in  a  clear  way  that  the  known  disadvantages  of  the  rheostat  brake  are  entirely 
eliminated  in  the  Westinghouse  brake. 

Although  these  tramway  trials  in  London  were  all  carried  out  without  any  sand  being  used,  it 
is  nevertheless  advisable  to  use  sanding  in  cases  of  emergencies,  for  the  increase  in  the  coefficient 
of  friction  results  in  a  material  increase  in  the  deceleration.  But  on  the  other  hand,  it  should  be 
used  in  such  cases  only,  owing  to  the  increased  wear  of  the  rails,  wheels  and  brake  blocks.  The 
automatic  sanding  apparatus  consists  of  electromagnets  which  open  the  sand  boxes  at  the 
controller  end  as  soon  as  the  strength  of  the  current  exceeds  a  certain  predetermined  limit.  It 
follows  that  sand  does  not  fall  during  ordinary  stops,  but  only  when  in  cases  of  emergency  the 
motorman  sets  over  his  handle  very  quickly. 

Does  a  strong  negative  acceleration,  for  instance  of  12  kilometres  (7-46  miles)  per  hour  per 

second,  inconvenience  the  passengers  ?     In  order  to  ascertain  this,  it  is  necessary  to  calculate 

what  force  is  acting  on  his  body.     Assuming  that  a  passenger  weighs  75  kilograms  (165  lb.),  the 

75         12 
force  acting  on  him  will  be  r-ry  X  .3-^  =  25*4  kilograms  (56  lb.)  or  about  one-third  of  his  weight 

This  force  will  make  him  slide  along  a  smooth  wooden  seat;  this  was  also  ascertained 
experimentally.  Such  a  sudden  emergency  stop  is  thus  not  agreeable.  But  as  a  rule,  no 
injuries  result.  If  through  some  unfortunate  concatenation  of  circumstances  such  were  pro- 
duced, they  could  only  be  slight.  If  by  such  an  emergency  stop  the  life  or  limbs  of  a 
man  on  the  track  can  be  saved,  this  more  than  makes  up  for  the  momentary  inconvenience 
of  the  passengers. 

At  very  low  speeds,  c.  ^.  1  to  2  kilometres  (0'62  to  1'24  mile)  per  hour,  the  electromagnetic 
brake  acts  with  certainty.  All  that  is  necessary  is  to  turn  the  handle  to  the  last  contact.  In  this 
respect,  the  Westinghouse  electromagnetic  brake  is  remarkably  efficient.  This  property  is  due 
to  the  very  low  resistance  of  the  coils  of  the  magnet,  whereas  other  electromagnets,  particularly 
those  with  several  coils,  have  resistances  of  1  ohm  and  upwards.  This  makes  them  very  ineffi- 
cient at  low  speeds,  and  yet  these  are  constantly  occurring  in  large  towns  where  there  is  much 
traffic. 

As  regards  the  wear  of  the  rails,  it  is  naturally  difficult  to  make  accurate  measurements. 
However  experience  has  shown  that  the  wear  of  the  electromagnets  of  the  Westinghouse  brakes 
in  daily  use  in  England  (at  present  there  are  nearly  2,500  cars  so  fitted)  is  such  that  their  life  is 
from  six  to  eighteen  months,  according  as  the  track  is  level  or  undulating  (*).  The  slipper  blocks 
are  made  of  mild  steel,  so  that  the  wear  which  occurs  over  the  length  of  the  rails  and  which  is 
due  to  the  slippers,  must  be  much  less.  The  practical  result  is  that  the  rails  are  worn  much 
more  quickly  if  hand  brakes  or  compressed  air  brakes,  and  sand  are  used,  than  with  the  West- 
inghouse electromagnetic  brake,  which  exercises  a  powerful  braking  action  in  spite  of  the 
smooth  surfaces  which  are  in  contact. 

The  rails  should  be  kept  as  free  from  sand  as  possible. 


(*)  In  England  the  following  number  of  cars  had  a  Westinghouse  electromagnetic  brake  equipment 
14  in  1900;  216  in  1901 ;  563  in  1902;  1,210  in  1903;  2,035  in  1904. 
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The  trials  made  lead  to  the  following  conclusions  : 

a)  The  Westinghouse  electromagnetic  brake  makes  it  possible  to  brake  at  any  speed  with 
whatever  power  may  be  required  in  practice ; 

b)  It  is  superior,  in  the  case  of  emergency  stops,  to  all  other  brakes  at  present  known,  as 
regards  simplicity  of  working,  shortness  of  time  in  which  applied,  and  retarding  power; 

c)  It  is  without  the  jerky  action  of  the  rheostat  brake,  its  uncertain  action,  and  its  great 
development  of  heat  in  the  motors  and  rheostats; 

d)  Owing  to  its  simple  construction  and  the  small  amount  of  maintenance  required,  it  is 
cheaper  to  use  than  any  other  tramway  brake,  whether  operated  by  hand  or  by  compressed  air. 


V.  W  81 


Digitized  by 


Google 


[  02»  .13  ] 


FINAL    RESULTS    OF    THE    SIMPLON    TUNNEL   SURVEY, 

By  Professor  Dr.  M.  ROSENMUND,  of  Zurich. 


(Papbr  read  brforb  the  '*  Association  des  ing^niecrs  bt  architbctbs  suissbs  *\ 
AT  their  4H  general  meeting  at  Zurich,  jult  30,  1905.) 


Fig.  1,  p.   1221. 


{Schweiserische  BatuHtung.) 


In  appearing  before  jou  to-day,  with  the  intention  of  describing  to  you  the  ultimate  results  of 
the  Simplon  tunnel  survey  work,  I  must  admit  that  I  am  in  a  position  of  some  diflBculty.  At  the 
time  when,  on  the  invitation  of  your  President,  I  agreed  to  bring  the  matter  before  you,  there  was 
every  reason  to  believe  that  at  Whitsuntide  it  would  be  possible  to  determine  to  what  extent  the 
two  axes  of  the  tunnel  agreed.  But  the  delay  in  the  completion  of  the  tunnelling  interfered  with 
the  final  verification,  and  even  to-day  I  could  add  nothing  to  what  you  could  have  read,  shortly 
after  the  two  ends  met,  in  the  Schweizc^Hsche  Bauzeitunff,  namely  that  there  has  been  no  material 
divergence  in  direction  or  height,  but  that  the  length  appears  to  be  about  1  to  2  metres 
(3  ft.  3  Vg  in.  to  6  ft.  6  '/^  in.)  less  than  the  triangulation  indicated,  —  were  it  not  that  the  very 
natural  curiosity  of  the  executive  engineers  in  charge  has  enabled  me  to  know  the  results  of  some 
preliminary  verifications.  In  spite  of  the  serious  difiiculty  of  making  any  accurate  measurements 
during  the  short  and  fleeting  moments  during  which  actual  work  is  suspended,  these  engineers 
have  tried  to  extend  the  centre  line  of  the  tunnel  from  the  last  well -determined  bench  marks  on 
the  south  side  to  the  last  well-determined  bench  marks  on  the  north  side,  and  also  to  determine,  by 
means  of  levelling,  what  difference  in  height  a  given  mark  showed  according  as  it  was  measured 
from  the  south  entrance  or  from  the  north  entrance  of  the  tunnel. 

It  was  then  found  that  the  lateral  divergence  of  the  two  centre  lines  or  axes  was  5  centimetres 
(1  'Vst  inch)  and  the  difference  in  height  was  9  centimetres  (3  ^^/j,  inches). 

As  far  as  I  know,  the  length  of  the  tunnel  up  to  the  point  where  the  two  ends  met  has  not  yet 
been  finally  checked. 

The  direction  in  which  the  tunnel  was  to  run,  was  based  on  the  results  of  the  triangulation  woriL 
carried  out  in  1898.  The  more  carefully  the  angles  of  the  system  of  triangles  are  measured,  the 
more  probable  it  is  that  the  centre  lines  on  both  sides  can  be  fixed  accurately.  In  order  to 
determine  the  accuracy  of  such  measurements,  the  mean  probable  error  is  worked  out;  this  may 
be  defined  as  being  of  such  magnitude,  that  it  is  equally  probable  that  the  actual  error  is  larger 
or  smaller.     Suppose  a  marksman  fires  100  rounds  at  a  target.    If  taking  the  middle  point  of  the 
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target  as  our  centre,  we  then  describe  a  circle  so  that  the  best  50  shots  are  within  it,  it  will  be 
an  even  chance*  if  the  marksman  fires  his  101"^  shot,  whether  that  shot  goes  outside  or  inside  the 
circle.     The  radius  of  the  circle  represents  graphically  the  magnitude  of  the  probable  error. 

In  the  case  of  the  Simplon  tunnel,  the  mean  probable  error  in  determining  the  direction  of  the 
tunnel  was  0*47  second.  This  error  would  give  a  lateral  divergence  of  about  5  centimetres 
(1  ^Vsa  incli)  at  20  kilometres  (12-43  miles). 

But  this  probable  error  is  only  that  due  to  want  of  accuracy  in  measuring  the  angles  of  the 
triangles.  To  this  we  must  add  the  errors  inside  the  tunnel  itself,  in  continuing  the  centre  lines 
from  point  to  point  up  to  the  middle.  The  magnitude  of  these  errors  cannot  be  ascertained  with 
the  same  accuracy  as  in  the  former  case.  Some  information  is,  however,  obtained  by  repeated 
determinations  of  the  distance  of  the  axis  from  one  and  the  same  bench  mark. 

Thus  in  the  case  of  bench  mark  5,  which  is  about  700  metres  (765  yards)  from  the  north  end  of 
the  tunnel,  the  following  results  were  obtained  : 

jat  determination,  axis  to  bench  mark 
2nd         _  __  _ 

3«i  —  ~  — 

5"»  —  —  ~ 

6"»  ~  —  — 

7th  


Average 


1 10  millimetres  (4   s/je  inches)  in  plan. 


100 

— 

(3»/l6     -     )       - 

105 

— 

(4  *l»     -    )     - 

117 

— 

(4  %     -    )      - 

143 

— 

(5  ./.-)- 

115 

— 

(4"/„    —    )     — 

115  millimetres  (4  ^^/^^  inches)  in  plan, 


and  this  always  towards  the  north  ^east.     This,  by  equation 

2|  /-M~ 

*^  ~"  3  |/     n  (n  -  1)' 

gives  a  mean  probable  error  of  rb  4  millimetres  (*/5s  inch)  in  the  position  of  the  axis. 
Similarly  in  the  following  cases  : 

Mark  11,1 ,900  metres  (1  mile  318  yards)  from  entrance.     .       p  =  Jb  7  millimetres  (^/si  inch), 

from  4  determinations. 

—  18,3,300    —     (2  miles  90  yards)   —        —     .     .       p  =  zfc  6  millimetres  (*/*  inch), 

from  5  determinations. 

—  24,  4,500    —     (2  miles  1,400  yards)  from  entrance .       p  =  ^  11  millimetres  (^/ig  inch), 

from  4  determinations. 

These  results  are  shown  graphically  in  figure  1 .  From  them  it  may  be  concluded  that  if  at  a 
distance  of  4,500  metres  (2  miles  1,400  yards)  the  error  in  fixing  the  axis  is  1  centimetre  C/s  inch) 
in  round  numbers,  it  will  amount  to  between  2  and  3  centimetres  (between  <Vsi  ^^d  1  Vie  inch)  at 
10  kilometres  (6  miles  375  yards). 


^pj     1 


Fig.  1. 
Explanation  of  Qerman  term  ;  Fp,  =  Bench  mark. 


Fp2<.  sKm 
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Similar  results  were  obtained  on  the  south  side  : 
Mark   2,  about    500  metres  (545  yards)  from  entrance    ...       p  =  4  millimetres  (Vji  inch), 

from  4  determinations. 

—  9,    —    1,900    —     (Imile   318  yards)  from  entrance  .       p  =  4  millimetres  (K/31  inch), 

from  4  determinations. 

—  14,    —  2,900    —     (1  —  1.410    —   )  —        —        .       p=:8mimmetres(«A6inch), 

from  4  determinations, 

and  the  corresponding  error  in  the  middle  of  the  tunnel  will  also  be  between  2  and  3  centimetres 
(between  'Vji  and  1  s/^c  inch). 

Now,  as  according  to  the  laws  of  probability,  the  total  probable  error  is  not  equal  to  the  sum 
of  these  errors,  but  equal  to  the  square  root  of  the  sum  of  their  squares 


we  have,  in  the  case  we  are  considering, 

R  =  d=  {/ 5«  4-  2^*  4-  5^^  =  ±6  centimetres  (2  s/g  inches). 

It  follows  that  the  errors  due  to  the  alignment  inside  the  tunnel  itself  only  have  a  very  small 
effect  on  the  total  error. 

But  this  calculation  is  only  applicable  if  the  errors  in  the  alignment  are  accidental,  that  is  to 
say,  are  sometimes  positive  and  sometimes  negative,  and  are  not  always  of  the  same  sign.  The 
preliminary  checking  work  carried  out  after  the  two  tunnel  ends  met,  enable  us  to  conclude  that 
errors  of  the  last  kind  can  have  had  but  little  influence  (theory  gives  6  centimetres  [2  '/'s  inches], 
and  the  measurements  made,  as  we  have  seen,  show  5  centimetres  [1  '^/jt  inch]),  although  such  a 
favourable  result  could  by  no  means  have  been  expected,  considering  the  phenomena  observed 
during  the  earlier  alignment  work. 

Among  these  we  may  mention  the  singular  mirage  which  at  kilometres  3  to  5  (miles  1  '9  to  3*  I) 
north  side,  made  the  cross  section  of  the  gallery  appear  not  square  but  like  a  long  rectangle, 
rounded  at  top  and  bottom,  and  which  also  caused  two  lights  to  be  seen  from  the  observatory 
instead  of  one. 

No  doubt  errors  of  the  same  sign,  produced  by  uniform  currents  of  air,  account  for  the  fact 
that  when  setting  out  that  8^^  mark  on  the  north  side,  when  sixteen  readings  were  taken,  the 
sighting  line  diverged  each  time  more  to  the  same  side,  instead  of  sometimes  to  the  right  and 
sometimes  to  the  left.  Thus  it  was  observed  at  kilometre  6*700  (mile  4*163;  of  the  tunnel,  after 
the  instrument  had  been  directed  at  a  fixed  light  and  finally  adjusted,  that  in  order  to  get  a  light 
about  2  kilometres  (1*24  mile)  further  off,  further  in  the  tunnel,  into  the  same  line,  it  was 
necessary  to  give  a  lateral  adjustment  which  amounted,  on  the  average,  in  the  case  of : 

Observations  1  to   4    .     .      to  34  millimetres  (1  **/58  inch),  as  measured  from  the  mark  adopted. 


5to   8 

9tol2 

13  to  16 


to  25        —  (5V5«— ),        - 

to  23        -  ("/jt  — ),        - 

to  15         -  («»/5,  -  ),         - 


Thus  the  average  position  of  the  lamp  approached  the  bench  mark  more  and  more. 
The  levelling  operations  gave  a  relatively  less  favourable  result  than  the  alignment  :  the  final 
result  being  9  centimetres  (3  *'/»«  inches)  of  error. 
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At  the  two  ends  of  the  tunnel  the  bench  marks  of  the  Swiss  survey  were  taken  as  starting 
points.  The  line  from  Brigue  to  Iselle,  over  the  Simplon  pass,  was  surveyed  twice,  first  in  1 870, 
and  then  in  1873.  The  two  levelling  operations  showed  a  difference  of  116  millimetres 
(4  ^/i«  inches).  In  spite  of  this  difference,  which  is  excessive  for  the  accurate  levelling  of 
46  kilometres  (28'5  miles),  the  mean  was  taken  as  the  height  of  the  bench  marks  concerned. 

In  1898-1900,  the  greater  part  of  these  levelling  operations  were  checked,  and  the  new  results 
showed  that  the  difference  in  height  between  Iselle  and  Brigue  was  61  millimetres  (2  ^'/si  inches) 
less  than  that  assumed  in  setting  out  the  tunnel  levels ;  but  in  order  to  avoid  confusion,  no 
correction  was  made  in  the  height  figures.  Taking  this  into  consideration,  the  error  previously 
mentioned  is  increased  from  9  to  15  centimetres  (3  ^/st  to  5  '^/ss  inches).  It  was  assumed  as 
probable  that  the  error  of  the  new  levelling  operations  over  the  mountain  would  not  exceed 
between  2  ahd  3  centimetres  (between  *V3«  8^d  1  ^/i^  inch);  this  would  thus  leave  a  total  error  of 
between  12  and  13  centimetres  (between  4  *Vi6  and  5  *ln  inches)  in  the  levelling  of  the  tunnel. 
Taking  the  increase  of  error  in  extending  levelling  operations  as  proportional  to  the  square  root 
of  the  distance,  this  gives  an  error  of  nearly  3  centimetres  to  the  kilometre  (1  '90  inch  to  the  mile). 

Now,  when  the  chief  bench  marks  were  fixed,  each  solution  of  the  tunnel  was  levelled  twice, 
at  first  as  a  rule  in  the  first  drives  made,  and  then  a  second  time  when  the  part  in  question  was 
completed  and  the  final  bench  marks  were  fixed.  In  this  way,  a  length  of  about  8  kilometres 
(5  miles)  from  either  entrance  was  checked,  and  only  the  middle  4  kilometres  (25  miles)  had  to 
be  dealt  with.  The  error  in  all  the  sections  checked  was  considerably  less  than  the  3  centimetres 
to  the  kilometre  (1  90  inch  to  the  mile)  as  mentioned  above.  Hence  the  only  possible  sources  left, 
of  a  greater  error,  are  either  in  the  middle  4  kilometre  (2*5  mile)  section  or  else  changes  inside 
the  tunnel  must  have  had  an  unfavourable  action  on  the  results.  The  tables  given  below  show 
the  alterations  observed  at  different  times  during  the  two  sets  of  levrlling  operations. 

These  differences  cannot  be  due  to  errors  in  levelling,  as  each  levi;!  was  checked  by  using  two 
staffs  simultaneously,  and  these  could  be  compared  together.  The  difference  never  amounted  to 
more  than  a  few  millimetres  per  kilometre. 

I  also  wish  to  make  some  remarks  on  the  length  of  the  tunuel.  As  I  have  already  stated,  no 
measurements,  as  far  as  I  know,  have  been  made  since  the  preliminary  ones  taken  when  the  two 
ends  met.  At  that  time  it  was  found  that  the  ends  met  from  1  to  2  metres  (3  ft.  3  '/g  in.  to  6  ft. 
6  3/4  in.)  sooner  than  was  expected.  Such  a  result,  supposing  it  is  confirmed  by  accurate 
measurements  from  the  last  definite  bench  marks,  cannot  be  attributed  to  errors  in  triangulation 
only.  No  special  base  line  was  measured  in  order  to  determine  the  length  of  the  Simplon  tunnel, 
as  is  often  done.  The  side  of  a  triangle  of  the  existing  federal  survey  was  taken  instead. 
Calculations  based  on  the  errors  of  the  angles  measured  (i.  6.,  of  the  angles  of  the  Simplon  tunnel 
system  of  triangles)  showed  that  the  probable  error  in  the  total  length  of  the  tunnel  was  10  centi- 
metres (3  15/^g  inches).  But  the  side  taken  itself  has  errors,  which  increase  the  probable  error  in 
the  length  of  the  tunnel  to  56  centimetres  (1  ft.  10  in.).  Another  increase  in  this  error,  results 
from  the  uncertainty  of  the  lengths  measured  inside  the  tunnel.  These  were  at  first  measured  by 
rods,  the  length  of  which  was  carefully  checked  before  and  after  each  measurement.  This  method 
gave  good  results ;  the  measurements  made  agreed,  on  the  average,  to  within  3  centimetres  per 
kilometre  (1*90  inch  per  mile).  But  it  takes  much  time  and  a  large  staff  is  required;  therefore 
it  was  replaced,  later  on,  on  the  north  side,  by  measurements  made  with  a  wheel  3  metres 
^9  ft.  10  V«  i^i)  in  circumference.  These  latter  measurements  were  only  carried  out  up  to  the  end 
of  the  completed  straight  track,  in  the  finished  part  of  the  tunnel ;  the  wheel  was  run  over  the 
western  rail.     After  running  it  four  times  over  a  given  section,  a  probable  error  of  about 
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10  centimetres  per  kilometre  (6*34  inches  per  mile)  could  be  assumed.  The  middle  section  of 
4  kilometres  (2*5  miles)  has  never  yet  been  made  the  subject  of  careful  measurement.  It  was 
only  measured  by  ordinary  rules,  for  the  ordinary  constructional  purposes;  and  it  may 
therefore  be  assumed  to  have  a  probable  error  of  30  centimetres  per  kilometre  (1  ft.  7  in.  per 
mile). 

Owing  to  these  different  errors  inside  the  tunnel,  the  probable  error  due  to  the  triangulation, 
which  we  have  taken  as  56  centimetres  (1  ft.  10  in.),  is  increased,  in  round  numbers,  to  1  metre 
(3  ft.  3  Vs  in-)*  '^^^  reason  for  a  greater  error  in  the  length  is  very  probably  to  be  found  in  errors 
of  the  same  sign  inside  the  tunnel,  for  instance  in  errors  in  checking  the  length  of  the  measuring 
rods  or  errors  produced  by  unrecorded  changes  of  temperature  in  the  wheel,  which  would  produce 
changes  in  the  length  of  the  circumference. 

On  August  15  the  final  measurements  are  to  be  taken.  The  results  then  obtained  will  enable 
definite  conclusions  to  be  arrived  at  as  to  the  still  dubious  points. 


Supplementary  note.  —  The  final  measurements  were  at  last  made  on  August  14  and  15,  1905, 
although  the  conditions  in  the  middle  part  of  the  tunnel,  as  yet  uncompleted,  were  not  very 
favourable  for  the  operations  concerned.  At  the  different  points  on  the  south  side,  where  there 
were  such  great  difiSculties  before  the  two  ends  joined,  hot  water  still  enters  in  large  quantity  and 
produces  a  thick  mist.  Ventilation  is  effected  by  a  strong  current  of  air  forced  into  tunnel  I  from 
the  north.  All  the  cross-drives  of  the  north  side  are  closed,  so  that  the  air  flows  towards  the 
south,  improved  by  a  second  current  of  air  which  is  forced  into  tunnel  n  from  the  south,  passes 
through  the  last  south  cross-drive  and  then  goes  to  the  south  through  tunnel  I. 

The  operation  of  checking  the  alignment  of  the  axis  of  the  tunnel  was  commenced  at  the  north 
side  at  about  6,700  metres  (4  miles  290  yards)  from  the  entrance.  In  the  first  place  a  point  was 
determined  at  9,600  metres  (5  miles  1 ,700  yards),  at  nearly  the  highest  part  of  the  tunnel ;  then 
another,  900  metres  (984  yards)  further.  Here  the  section  began  where  the  mist  interfered.  It 
was  hardly  possible  to  take  sights  at  a  greater  distance  than  180  metres  (197  yards),  and  here  a 
point  was  marked  on  an  iron  sleeper  to  show,  provisionally,  the  position  of  the  centre  line  as 
continued  from  the  north. 

Then,  starting  from  the  south,  the  centre  line  was  produced  to  the  same  point.  The  final  sights 
had  to  be  taken  at  95  and  65  metres  (104  and  71  yards).  The  two  centre  lines  differed  by 
202  millimetres  (7  *V3«  inches).  The  one  from  the  south  was  to  the  east,  the  one  from  the  north 
to  the  west.  The  divergence  is  thus  greater  than  thought  at  first.  The  difference  between  the 
two  results  is  due  to  the  fact  that  on  the  first  occasion,  after  the  foggy  part  had  been  traversed,  the 
measurements  were  extended  to  the  first  bench  mark  to  the  north.  Subsequent  measurements 
showed  that  this  mark  was  between  16  and  17  centimetres  (between  6  Vie  an<l  6  *V4e  inches)  to 
the  west  of  the  centi'e  line  from  the  north.  It  is  also  possible  that  there  may  have  been  some 
changes  in  the  bottom  of  the  tunnel  after  that  mark  was  fixed. 

As  regards  the  height,  the  previous  measurements  were  confirmed.  The  height  of  the  same 
mark«  when  the  levelling  was  from  : 

The  north  side,  was 698768  metres  (2,292  ft.    7  '/e*  in). 

—  south—    — 698-855    —      (2,292  ft.  10  "/jt  in.). 


Difference.     .     .  0087  metre  (3  *7e4  inches). 
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Finally,  the  length  of  the  last  section  was  measured  and  it  was  found  that  the  total  length 
between  the  starting  points  on  the  two  sides  was  19,755*52  metres  (12  miles  485*29  yards); 
whereas  the  calculation  based  on  the  triangulation  had  given  19,756*31  metres  (12  miles 
48615  yards)  : 

19,755*52  metres  (12  miles  485-29  yards). 

19,756-31     —     (12    —    486*15    —  ). 

Diflference.     .     .  0-79  metre  (0*86  jard). 

These  final  results  in  no  way  modify  the  statements  as  made  above  concerning  the  sources  of 
tlie  errors. 
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SEVENTH    SESSION 

■WASHINGTON    :    MAY,     1905 


a""  SECTION.  —  LOCOMOTIVES  AND  ROLLING  STOCK. 


[021.137.3]  QUESTION   VI. 


POOLING    LOCOMOTIVES 


Oj^r^C 


The  use  of  two  or  more  creivs. 

Advantages  and  disadvantages  of  the  practice  and  the  result  of  such 

common    use  with   respect    to    the   efficiency    and   the    care  of   the 

locomotive. 


Reporters  : 

United  States.  —  Mr.  G.  W.  Rhodes,  assistant  general  superintendent,  Burlington 
&  Missouri  River  Railroad  in  Nebraska. 

Belgium^  England  and  colonies,  Holland,  Denmark,  Russia,  Sweden  and  Norway.  — 
Mr.  £.  Hubert  (*),  adminislrateur  des  chemins  de  fer  de  r£tat  beige. 

Other  Countries.  —  Mr.  C.  Boell,  ingenieur  en  chef  des  mines,  ingenieur  en  chef  du 
materiel  et  de  la  traction  des  cbcmins  de  fer  de  r£tat  franyais. 


(*)  Since  the  receipt  of  Mr.  Hubert's  report,  the  Permanent  Commission  has  to  its  sincere  reg^ret  had 
to  lament  his  death. 

V.  XI  82 
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SECTIONAL   DISCUSSION 


Meeting  held  on  May  9,  1905  (morning). 


Mr.  Ed.  SADVAGE,  president,  in  the  chair. 

The  President,  (in  French.)— Gentlemen,  to  day  we  have  to  consider  the  question 
of  pooling  locomotives  upon  which  subject  there  are  three  reports  before  us. 
I  beg  to  call  upon  Mr.  Boell. 

Mr.  Boell,  principal  secretary  and  reporter.  (In  French.) ; 

The  report  of  which  I  have  the  honour  to  submit  a  summary  has  been  drawn  up  from  the  data 
supplied  bj  twenty-six  managements,  operating  altogether  101,081  kilometres  (62,810  miles)  of 
railway,  having  about  21 ,900  locomotives,  and  belonging  to  eleven  different  countries : 

Austria,  Hungary,  Spain,  France,  Italy,  Switzerland,  Roumania,  Bulgaria,  Lruxemburg, 
Argentine  Republic,  Uruguay. 

Of  the  21,900  locomotives  on  the  railways  in  question,  17,500  are  on  the  average  in  use  every 
^y  and  79  per  cent  of  the  latter  are  worked  by  a  single  crew. 

The  system  of  the  single  crew  is  thus  much  the  most  usual  one ;  but  in  order  to  utilise  the  loco- 
motives better  (a  condition  the  more  necessary  as  in  most  countries  men's  working  hours  tend  to 
become  more  limited)  rather  varied  combinations  are  adopted,  either  permanently  or  temporarily, 
such  as : 

Double  crews ; 
Multiple  crews ; 
Three-men  service ; 
Interpolated  auxiliary  crews; 
Complete  pooling. 

The  double  crew  system  consists  in  having  for  each  locomotive  two  crews,  which  run  it  alter- 
nately. This  is,  after  the  single  crew  system,  the  most  general  one ;  it  is  even  more  usual  on 
most  railways  than  the  former  system  in  the  case  of  shunting  locomotives,  for  which  it  is  specially 
suitable. 

It  is  also  much  used  for  suburban  traflSc  (especially  on  the  French  Western  &  Northern  rail- 
ways) and  on  certain  secondary  lines  with  a  shuttle  service,  i.  e.,  where  a  locomotive  is  continually 
g-oing  forwards  and  backwards. 


Digitized  by 


Google 


—  1230  - 

In  these  cases,  each  locomotive,  as  a  rule,  does  the  same  work  every  day ;  one  crew  takes  one 
given  shift  during  a  certain  number  of  consecutive  days,  and  then  after  a  periodic  rest  changes 
over  to  the  other  shift. 

Then  also  a  double  crew  is  used,  on  many  railways,  when  the  time-tables  make  it  possible  to 
run  certain  main  line  services,  both  passenger  and  goods.  In  such  cases,  the  locomotives  as  well 
as  the  crews  are  used  turn  and  turn  about,  each  turn  of  a  locomotive  corresponding  to  two  turns 
of  the  crews. 

Double  crews  make  it  possible  to  run  the  same  service  with  fewer  locomotives  than  if  single 
crews  only  were  used ;  thus  double  crews  lead  to  a  material  economy  of  capital.  The  extent  of 
that  economy,  however,  depends  on  whether  and  to  what  extent  the  time-table  makes  it  possible 
to  organise  double  crews,  and  it  has  to  be  noted  that  this  system  makes  it  necessary  to  have  more 
reserve  locomotives  available  than  the  single  crew  system,  to  replace  if  necessary  locomotives  in 
actual  use ;  for  double  crew  locomotives,  as  a  rule,  do  not  have  long  stops  during  which  minor 
repairs  could  be  made  without  interfering  with  the  service. 

The  double  crew  system  thus  makes  it  possible  to  get  more  work  out  of  locomotives,  to  an 
extent  which  varies  considerably  with  the  conditions. 

In  order  that  it  may  be  an  advantage  to  have  a  double  crew,  it  is  of  course  necessary  that  the 
increased  work  of  the  locomotives  is  not  attended  with  any  worse  utilisation  of  the  staff.  It  is 
therefore,  as  a  rule,  not  adnsable  to  have  double  crews  unless  that  system  makes  it  possible  to 
carry  out  the  same  service  with  the  same  number  of  men  as  the  single  crew  system,  but  with  a 
smaller  number  of  locomotives. 

As  for  the  consumption  of  fuel,  most  of  the  managements  consulted  are  of  opinion  that  this  is 
not  greater  with  double  crews  than  with  single  crews.  Though  indeed  the  average  consumption 
while  running  may  be  slightly  increased  because  each  of  the  drivers  does  not  fully  profit  by  any 
economy  he  may  effect,  this  increased  expenditure  is  largely  counter-balanced  by  the  economy 
resulting  from  the  otherwise  required  frequent  lighting  of  the  fires  and  long  stops  of  engines  in 
steam,  an  economy  which  the  Hungarian  State  Railway  estimates  at  5  p.  c. 

The  observations  I  have  made  on  the  French  State  Railway,  lead  me  to  believe  that  the  economy 
of  fuel  resulting  from  the  double  crew  system  can  in  certain  cases  become  a  very  appreciable 
one,  but  that  it  depends  essentially  on  how  the  number  of  trains  and  their  time-table  lend 
themselves  to  the  utilisation  of  the  locomotives  by  the  single  or  the  double  crew  system. 

Most  of  the  managements  agree  in  observing  that  the  double  crew  system  results  in  an  increase 
in  the  consumption  of  lubricating  materials  on  the  locomotives,  as  each  driver  has  a  tendency  to 
use  excess,  to  counteract  any  possible  neglect  on  the  part  of  his  colleague.  Some  railways,  it  is 
true,  state  they  have  not  observed  any  differen«e ;  this  is  no  doubt  due  to  the  fact  that  an  economy 
results  from  doing  away  with  long  stops  and  this  compensates  more  or  less  for  the  increase  pre- 
viously noted. 

I  am  led  by  my  own  personal  observation  to  conclude  that  the  amount  of  lubricant  should  be 
practically  the  same,  per  kilometre  of  run^  with  the  double  crew  and  the  single  crew  systems. 

As  for  the  cost  of  maintenance  per  kilometre  of  run,  the  nearly  general  opinion  is  that  the 
double  crew  system  gives  less  good  results  than  the  single  crew  system.  A  few  railways,  it  is 
true  (particularly  the  Orleans  Railway  and  the  French  Western  Railway),  think  that  the  differ- 
ence is  hardly  appreciable. 

The  French  Eastern  Railway,  however,  declares  that  the  increased  cost  of  mainlenanco, 
hardly  appreciable  on  short  suburban  runs,  was  very  noticeable  on  some  of  the  main  line  services 
where  the  double  crew  system  had  been  applied. 
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Most  of  the  disadvantages  mentioned  by  the  Eastern  Railway,  do  not  necessarily  exist  in  the 
case  of  the  double  crew  system,  even  on  long  distance  trains.  In  many  cases,  the  train  time-tables 
make  it  possible  to  allow  every  day  sufficient  time  for  clearing  out  the  tubes  and  the  smoke-box. 
and  it  is  always  possible  to  put  the  locomotives  out  of  service,  after  running  a  given  number  of 
days,  in  order  to  wash  them  out.  Thus  all  depends  on  the  individual  conditions,  and  it  seems  it 
may  be  stated,  that  if  a  service  can  conveniently  be  run  on  the  double  crew  system,  the  cost  of 
maintenance  of  the  locomotives  is  not  appreciably  higher  than  with  the  single  crew  system. 

The  chief  difficulties  arise  from  the  employes,  as  each  crew  as  a  rule  prefers  to  have  a  locomo- 
tive to  itself,  and  not  to  have  one  jointly  with  another  crew.  Particularly  when  at  one  and  the 
same  locomotive  shed  some  of  the  services  are  worked  on  the  single  crew  system  and  others  on 
the  double  crew  one,  the  drivers  of  the  latter  are  very  apt  to  consider  themselves  less  well 
treated  than  the  former.  But  if  they  are  made  to  understand  that  they  can,  if  they  cooperate 
well,  gain  rather  larger  premiums  on  the  double  crew  system  than  on  the  single  crew  system,  by 
a  reduced  consumption  per  kilometre,  not  only  will  that  reduced  consumption  be  realised,  but 
the  locomotives  will  be  carefully  looked  after  and  consequently  no  abnormal  expenditure  for 
maintenances  will  be  incurred. 

The  multiple  creto  system  consists  in  having  for  a  certain  number  of  locomotives  a  certain 
greater  number  of  crews,  working  turn  and  turn  in  an  order  which  may  vary  considerably. 

The  double  crew  system  which  has  just  been  described  is  in  fact  only  a  particular  case  of  the 
multiple  crew  system,  and  is  indeed  the  one  most  generally  used. 

Another  particular  and  simple  case  is  the  triple  crew  system,  often  used  for  shunting  locomo- 
tives, when  these  are  used  so  much  that  two  crews  are  not  enough  for  one  locomotive.  The  day 
is  then  divided  into  three  eight-hour  shifts,  and  each  crew  takes  its  shift  in  succession. 

Generally  speaking,  it  is  agreed  that  apart  from  shunting  operations,  the  multiple  crew  system 
is  not  advantageous  from  the  points  of  view  of  consumption  and  of  cost  of  maintenance  of  the 
locomotives.  It  has  in  fact  all  the  disadvantages  of  the  complete  pooling  system,  which  will  be 
mentioned  later  on,  and  which  in  fact  it  much  resembles.  Except  for  shunting  operations,  it  is 
never  adopted  unless  it  becomes  necessary  owing  to  a  deficiency  in  the  number  of  locomotives. 

One  particular  case  of  the  multiple  crew  system,  and  one  which  has  the  disadvantages  of  the 
system  to  a  lesser  extent,  is  that  of  the  double  crew  with  substitutes,  used  by  the  French  Western 
Railway  in  some  of  its  suburban  services.  In  this  particular  case,  say  six  locomotives  are  run, 
during  the  greater  part  of  the  day,  by  two  crews  each;  in  addition  there  are  two  extra  crews, 
which  run  them,  in  succession,  during  certain  definite  hours.  Thus  there  are  actually  fourteen 
crews  for  the  six  locomotives,  and  nevertheless  twelve  of  those  fourteen  crews  are  always  on  the 
same  locomotives.  As  the  extra  crews  only  do  a  very  short  shift  every  day  with  each  locomotive, 
the  itjsults  obtained  are  very  nearly  the  same  as  with  double  crews,  and  the  locomotives  are 
utilised  even  better. 

The  three  men  service  system  consists  in  having  three  given  men  to  run  a  given  locomotive, 
namely  a  chief  engine  driver,  an  assistant  engine  driver  who  at  some  times  acts  as  fireman  and  at 
others  as  driver,  and  a  fireman.  The  daily  run  of  the  locomotives  is  divided  into  three  periods 
during  which  it  is  worked  ; 

I®  By  the  chief  driver  and  the  fireman ; 

S*'  By  the  assistant  driver  and  the  fireman ; 

3**  By  the  chief  driver  and  the  assistant  driver. 

This  organisation  makes  it  possible,  under  suitable  conditions  of  service,  to  obtain  the  same 
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resultg  as  with  a  double  crew,  but  having  onlr  three  employes  instead  of  four.  But  in  order 
to  make  it  possible,  it  is  of  course  necessary  that  the  total  daily  service  of  the  locomotive,  while 
too  long  for  a  single  crew,  is  divisible  in  three  periods,  any  two  of  which  added  together  are  not 
longer  than  the  regular  working  hours  of  one  employ^. 

The  system  is  more  specially  adaptable  for  certain  shuttle  services  on  secondary  lines,  or  for 
shunting  operations  extending  over  a  certain  number  of  hours. 

The  interpolated  auanliary  crew  system  consists  in  utilising,  for  certain  train  services,  locwno- 
tives  whose  actual  crews  are  resting,  and  having  them  run  by  auxiliary  crews. 

In  some  cases,  the  auxiliary  crews  work  in  certain  regular  rotation,  and  then  the  system 
becomes  a  special  case  of  the  multiple  crew  system.  In  other  cases,  any  crews  available  are  used 
as  auxiliary  crews,  as  and  when  occasion  arises,  and  then  the  system  is  a  mixture  of  the  single 
crew  system  and  of  that  of  complete  pooling. 

Some  railways,  for  instance  the  French  Eastern,  only  use  this  system  to  a  v^ry  limited  extent,  in 
the  case  of  local  services  of  minor  importance  (shunting  operations,  extra  services)  at  places  where 
there  is  no  locomotive  shed. 

Others  on  the  contrary  apply  the  auxiliary  crew  system  very  extensively  and  use  auxiliary 
crews  on  many  services  generally  run  on  the  single  or  double  crew  system ;  principally  in  the 
case  of  composite  trains  and  goods  trains. 

With  this  system,  the  utilisation  of  the  locomotives  is  very  complete.  As  for  its  economic 
results,  they  naturally  depend  on  the  extent  of  the  period  during  which  the  auxiliary  crews  take 
charge  of  each  locomotive,  on  the  number  of  crews  which  run  each  locomotive,  and  on  the  time 
table  of  the  service. 

The  system  of  complete  pooling  consists  in  not  having  any  definite  crew  appointed  to  a  given 
locomotive;  it  makes  it  possible  to  organise  on  the  one  hand  the  circulation  of  the  locomotives 
taking  only  the  necessary  technical  conditions  into  consideration  and  on  the  other,  the  work  of  the 
employes  on  the  accepted  basis  laid  down,  without  considering  any  connection  between  the  service 
of  a  given  locomotive  and  that  of  a  given  crew. 

Only  one  of  the  railways  which  have  supplied  with  information  on  the  subject  uses  this  system 
permanently  and  exclusively,  and  that  is  the  St.  Oothard  Railway.  It  gradually  applied  this 
system  during  1887  and  1888,  and  has  kept  to  it  since.  If  we  compare  the  expenditures  per  gross 
ton-kilometre  in  1886.  before  the  introduction  of  the  system,  with  those  in  1889,  after  it  had  been 
generally  applied,  we  find  that : 

1®  The  expenditure  of  fuel  inci-cased  5*5  per  cent; 

2**  The  expenditure  of  lubricant  increased  42  per  cent ; 

3*  The  expenditure  for  maintenance  increased  1 1  '6  per  cent. 

As  however  other  factors  affected  this  increase  (e.  g. ,  greater  speed  and  heavier  locomotives)  it 
is  difficult  to  determine  what  proportion  is  due  to  the  pooling. 

The  other  railways  state  that  the  results  given  by  this  system  are  but  little  satisfactory,  and  do 
not  use  it  as  a  rule  except  in  the  case  of  goods  trains,  and  then  only  when  they  are  compelled  to  do 
so  by  having  too  few  locomotives. 

Thus  the  Adriatic  Railway  estimated  that  when  it  applied  this  system  to  a  few  of  its  services, 
previously  run  on  the  single  crew  system,  the  consumption  of  fuel  increased  15  p.  c.  and  that  of 
lubricant  30  p.  c.  It  also  estimated  that  the  increase  in  the  cost  of  maintenance  was  at  least 
proportional  to  that  of  the  consumption  of  fuel. 

The  Paris-Lyons-Mediterranean  Railway  has  been  obliged,  during  fairiy  long  periods,  to  apply 
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the  pooling  sjstem  in  order  to  cope  with  sudden  pressure  of  traffic;  it  observed  An  appreciable 
increase  in  the  expenditure  of  fuel  and  lubricant,  a  considerable  increase  in  the  cost  of  mainte- 
nance and  a  reduction  in  the  proper  professoral  spirit  of  the  drivers. 

The  French  Midi  Railway  also,  on  two  occasions,  was  compelled  to  apply  this  system  exten- 
sively :  from  1880  to  1884,  on  account  of  a  sudden  and  unexpected  increase  of  traffic,  and  in  1893, 
on  account  of  new  regulations  as  to  the  working  hours  of  drivers  and  firemen.  The  system 
enabled  it  to  carry  out  the  service  with  a  smaller  number  of  locomotives  (by  34  p.  c.)  than  would 
have  been  necessary  with  regular  appointed  crews.  The  railway  even  organised  depots  from 
men  without  locomotives,  to  supply  crews  for  running  locomotives  from  other  depots  over  given 
sections  of  their  journey. 

A  comparison  of  the  figures  for  the  twelve  months  before  the  system  was  introduced,  and  for 
the  twelve  months  during  which  it  was  applied,  show  that  the  average  consumption  of  fuel  by  the 
locomotives  in  question,  per  kilometre,  remained  exactly  the  same.  But  care  had  lieen  taken 
to  let  every  driver  have  his  own  tender,  and  consequently  his  own  special  check  on  the  consump- 
tion of  fuel.  In  the  case  of  tank  locomotives,  the  amount  of  fuel  was  estimated,  at  each  change 
of  crew,  by  a  higher  official  in  the  presence  of  the  two  drivers  interested,  and  in  case  of  dispute, 
each  driver  had  the  right  to  demand  that  the  fuel  should  be  unloaded  and  weighed  in  his  presence. 
Without  these  precautions,  which  involved  a  considerable  complication  in  the  service,  it  is 
probable  that  the  system  would  have  resulted  in  an  increased  expenditure  for  fuel. 

As  for  the  cost  of  maintenance,  the  experience  gained  by  the  French  Midi  Railway  from  1880 
U)  1884  showed  that  it  had  increased  materially.  During  the  years  before,  and  after,  the  system 
was  in  use,  the  average  cost  of  maintenance  amounted  to  0*056  franc  per  kilometre  (0-865d.  per 
mile).     While  the  system  was  in  use,  this  cost  increased  progressively  as  follows  : 

In  1880,  it  was 0-056  franc  (0-865rf.  per  mile). 

In  1881,      — 0-066    —    (l-020rf.       -      ). 

In  1882,      — 0-071    —    {1097rf.      —     ). 

Finally,  the  Midi  Railway,  while  admitting  that  when  traffic  is  specially  congested,  the  system 
of  having  different  sets  of  men  is  a  valuable  resource,  concludes  that  ihe  system  should  not  be 
adopted  permanently. 

I  am  led  by  the  foregoing  considerations  to  the  following  conclusions  : 

1**  The  system  of  complete  pooling  always  leads  to  a  very  appreciable  increase  in  the  cost  per 
kilometre,  and  should  consequently  not  be  applied  except  in  case  of  absolute  necessity ; 

2**  It  is  better,  in  order  to  increase  the  utilisation  of  the  locomotives,  to  adopt  the  system  of 
interpolated  auxiliary  crews,  or  else  that  of  multiple  crews ;  these  are  attended  with  infinitely 
smaller  disadvantages ; 

3*»  The  double  crew  system  is  specially  to  be  recommended,  particularly  for  shunting, 
suburban  and  shuttle  services,  and  even  for  some  main  line  services;  for  while  this  system  results 
in  a  better  utilisation  of  the  locomotives  than  the  single  crew  system,  it  makes  it  possible  to 
realise  a  small  economy  of  fuel  without  appreciable  increase  in  the  cost  of  maintenance ; 

4**  With  these  different  systems,  it  may  be  of  advantage,  from  the  point  of  view  of  the 
expenditure  of  fuel,  to  let  every  driver  have  his  own  tender;  this,  however,  leads  to  a  certain 
amount  of  complication  and  is  not  always  feasible ; 

5®  The  system  of  three-men  service  can  under  certain  conditions  be  substituted  with  advantage 
for  the  double  crew  system ; 
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6°  Finally,  that  systems  other  than  the  single  crew  s^em  not  to  be  advisable  in  the  case  of 
fast  and  express  ti'ains,  which  require  locomotives  kept  in  good  condition  and  to  be  wellknown 
to  their  drivers. 

The  President.  (In  French.)  —  1  now  call  upon  Mr.  Hodeige  to  give  us  a  summary 
of  Mr.  Hubert's  report. 

Mr.  Hodeige.  Belgian  State  Railways.  (In  French.)  —  Gentlemen,  the  honour  of 
addressing  this  meeting  has  fallen  upon  me  owing  to  the  unexpected  death  of  the 
author  of  the  report  on  question  VI  for  the  different  countries  of  Europe  and  for  the 
British  colonies. 

Mr.  Hubert,  administrator  of  the  Belgian  State  Railways,  was  a  most  distinguished 
official.  He  took  part  in  the  labours  of  the  various  sessions  of  the  Congress  prior 
to  this  one;  many  of  you  made  his  acquaintance  and  were  in  a  position  to  appreciate 
his  kindliness  of  heart  and  his  ability.  I  hope  you  will  allow  me  to  say  how 
much  I  regret  his  loss.  {Hear,  hear.) 

The  detailed  list  of  questions  appended  to  Mr.  Boell's  report  was  sent  out  to  ninety  administra- 
tions in  the  following  countries  :  Belgium,  Denmark,  Great  Britaih  and  Ireland  (United  King- 
dom), India  and  the  Colonies,  Norway,  Holland,  Russia  and  Sweden.    Fifty  of  them  sent  answers. 

Of  these  fifty  railway  managements  which  sent  answers  to  our  list  of  questions  sixteen,  whose 
lines  represent  28-85  per  cent  of  the  total  mileage,  only  have  single  crews  except  in  the  case  of 
shunting  operations  where  several  have  double  crews. 

Of  thirty-four  other  managements,  who  have  more  than  one  crew  per  engine,  eight  state  that 
they  only  do  so  by  force  of  circumstances  and  that  they  prefer  single  crews ;  if  we  add  them  to 
the  first  sixteen,  we  find  that  twenty-four  managements,  representing  about  45  per  cent  of  the 
total  mileage  prefer  to  have  single  crews  without  exception. 

Of  the  twenty-six  managements  which  normally  have  —  in  addition  to  the  single  crew  system 
or  not  —  more  than  one  crew  per  locomotive,  twenty  have  in  daily  use  an  average  number  of 
12,576  locomotives,  worked  on  the  following  systems  : 

8.249  single  crew  system ; 
3,391  double  crew  system; 

100  treble  crew  system ; 

659  multiple  crew  system ; 
28  mixed  systems ; 

149  complete  pooling. 


12,576 


Thus  the  single  crew  system  has  most  partisans,  in  the  sense  that  it  is  the  one  most  frequently 
applied.  But  the  profitable  use  of  more  than  one  crew  per  locomotive  requires  special  condi- 
tions of  working,  of  traffic,  etc.,  which  are  not  always  to  be  found.  It  is  even  rare  that  the 
whole  service  of  a  railway  can  be  carried  out  without  applying  at  least  to  some  extent  the  single 
crew  system,  the  advantages  and  disadvantages  of  which  we  think  it  useless  to  summarize  here, 
as  they  have  been  sufficiently  set  forth  in  the  opinions  expressed  by  tlie  different  managements  in 
the  information  with  which  they  have  supplied  us. 

Next  to  the  single  crew  system,  it  is  the  double  crew  system  which  is  most  often  applied.     The 
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large  majority  of  the  railways  which  apply  this  system  regularly  recognize  that  the  advantages 
which  result  as  regards  the  increase  in  the  annual  mileage  of  the  locomotives,  in  the  decrease 
and  in  the  regulation  of  the  working  hours  of  the  employ^,  and  in  the  decrease  of  the  lighting 
up  and  of  the  shed  duties,  are  only  attained  at  the  cost  of  an  increased  consumption  of  fuel  and  of 
lubricants,  and  of  a  less  good  maintenance  of  the  locomotives. 

There  is  no  unanimity  on  this  point,  for  three  important  railways  report  a  saving  rather  in  the 
fuel  and  two  others  do  not  find  that  in  this  respect  there  is  any  difference  between  single  and 
double  crews.  It  even  seems  that  in  many  cases  the  advantages  exceed  the  disadvantages,  for 
most  of  the  railways  which  have  double  crews  do  not  seek  to  reduce  their  number ;  there  are  even 
some  who  state  that  they  want  to  extend  the  application  of  this  double  crew  system. 

The  only  instances  of  treble  crews  mentioned  are  in  the  case  of  shunting  locomotives  at  very 
busy  stations  on  three  railways  in  Great  Britain,  one  of  which  thinks  that  there  is  an  increase  in 
the  cost  of  fuel,  lubricants  and  maintenance,  whereas  the  other  two  are  silent  on  this  point.  The 
Cambrian  Railway,  although  recognizing  the  disadvantages,  has  three  crews  on  goods  locomo- 
tives, but  only  when  there  are  special  conditions. 

Multiple  crews  are  principally  used  on  the  Swedish  State  Railway  and  on  the  New  South 
Wales  Government  Railways,  who  both  record  an  increase  in  the  items  mentioned  above. 

Mixed  systems  are  only  of  very  limited  application,  as  we  have  just  seen  :  the  chief  is  to  be 
found  on  the  Norwegian  State  Railway,  where  in  certain  services  there  are  three  crews  to  two 
locomotives,  or  four  crews  to  three  locomotives,  or  else  the  three-man  system  is  applied.  In 
Russia,  the  Kharkov-Nicolaiev  line  also  applies,  but  exceptionally,  the  three-man  system  which 
it  does  not  reconmiend. 

Complete  pooling  is  scarcely  in  favour  with  nearly  all  the  railways  which  we  are  considering. 
Only  three  apply  this  system  as  a  regular  thing;  moreover,  it  must  be  mentioned  that  one  of  them, 
the  Natal  Government  Railways,  states  that  this  system  is  only  applied,  by  force  of  circumstances, 
because  there  is  a  want  of  locomotives  and  in  every  way  prefers  the  single  crew  system  which  it 
considers  best.  The  Taff  Vale  Railway,  on  the  other  hand,  appears  to  be  satisfied  with  it. 
Finally,  the  Transbaikal  line  (Russia)  states  that  it  is  the  small  importance  of  the  traffic  on  the 
line  which  has  led  to  the  adoption  of  the  pooling  system.  Perhaps  it  may  be  partly  also  owing 
to  the  fact  that  the  Transbaikal  line,  which  is  more  than  1 ,200  kilometres  (745  miles)  in  length, 
is  at  present  only  a  single  track  railway  connecting  Lake  Baikal  and  Manchuria,  with  a  branch 
to  Stretensk,  the  actual  terminus  to  the  north.  This  configuration  of  the  line  lends  itself  quite 
well  to  the  application  of  the  complete  pooling  system  to  the  locomotives  of  the  few  trains,  running 
very  long  distances,  although  it  sometimes  gives  rise  to  difficulties  in  maintenance. 

The  London  &  North  Western  Railway  (England)  applies,  in  ordinary  practice,  the  complete 
pooling  system  to  optional  trains  and  shunting  locomotives;  the  Danish  State  Railway,  to  the 
latter  only. 

The  Belgian  Northern  in  Belgium,  the  Great  Northern  and  Great  Central  in  England,  the 
Great  Indian  Peninsula  and  the  Cape  Government  Railways,  exceptionally  apply  the  complete 
pooling  system  in  order  to  meet  a  sudden  rush  of  traffic;  but  they  are  but  little  satisfied  with  the 
system  and  do  not  recommend  it.  Finally,  the  Madras  Railway,  which  had  adopted  it.  for  similar 
reasons,  entirely  abandoned  it  owing  to  its  disadvantages. 

Are  these  different  observations  of  such  a  kind  that  a  definitely  unfavourable  verdict  on  the 
complete  pooling  system  may  be  pronounced?  We  do  not  think  so.  This  system,  in  order  to 
give  the  maximum  advantages  it  can  offer  combined  with  the  minimum  disadvantaged,  requires  a 
very  special  organization  which  cannot  be  developed  from  one  day  to  the  next  for  special  cases  or 
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temporary  purposes.  CJonsequently  we  are  of  opinion,  that  it  would  not  be  possible  to  determine 
its  actual  value  except  by  examining  the  results  obtained  by  important  railways,  applying  it  on 
their  systems  in  a  permanent  and  general  way;  which,  as  has  been  seen,  has  been  in  no  way  the 
case  here. 

The  President.  (In  French.)  —  I  believe  I  am  right  in  thinking  that  Mr.  Rhodes 
is  absent  and  that  he  will  not  be  present  at  our  meeting.  Perhaps  one  of  the 
engineers  present  is  prepared  to  give  us  a  summary  of  Mr,  Rhodes'  report,  if  not 
I  shall  call  upon  Mr.  Boell  to  read  us  a  short  summary  of  Mr,  Rhodes'  paper. 

Mr.  Boell.  (In  French.)  —  I  propose  to  read  the  closing  portion  of  Mr.  Rhodes' 
report  which  contains  the  more  important  matters.  As  regards  the  rest  delegates 
will  kindly  refer  to  the  text  of  Mr,  Rhodes'  paper. 

In  hopes  of  determining  what  the  general  sentiment  on  this  much  discussed  subject  was  on  the 
railroads  of  the  United  States,  Canada  and  Mexico,  a  circular  of  inquiry  was  sent  to  two  hundred 
and  seventeen  members  of  the  American  Railway  Association  propounding  various  questions  and 
asking  for  a  contribution  of  any  views  that  might  be  useful  to  your  reporter.  Only  eighty-four 
replies  were  received  which  may  be  classified  as  follows  : 

Unfavourable  to  pooling 48 

Favourable  to  pooling 36 

~84 

An  interesting  fact  drawn  out  by  these  replies  and  one  that  we  will  have  occasion  to  refer  to 
later  on,  is  that  with  some  few  exceptions,  the  lines  unfavourable  or  that  for  various  reasons  do  not 
pool  engines,  except  in  case  of  an  unusual  rush  of  business,  are  short  lines  or  lines  operated  in  a 
sparsely  settled  part  of  the  country.  Those  that  favour  pooling  are  generally  lines  in  the  more 
thickly  settled  part  of  the  country. 

From  the  foregoing,  it  may  be  inferred  that  the  general  opinion  about  pooling  engines  today 
presents  practically  the  same  doubts  and  considerations  that  existed  in  its  early  history.  One 
point  alone  seems  to  be  settled.  The  attempt  at  long  continuous  runs  with  relay  crews  has  with 
some  few  exceptions,  chiefly  passenger  runs,  been  abandoned.  This  is  largely  due  to  a  lack  of 
uniformity  in  coal  over  different  railroad  divisions.  Ash  pans,  grates,  and  fire-boxes  become  so 
clinkered  up  and  the  strains  on  the  machinery,  aggravated  by  surface  conditions  of  the  road- 
bed, make  it  so  necessary  that  the  working  parts  have  roundhouse  inspection  and  care  that  it 
has  been  found  that  a  relay  engine  saves  more  time  and  makes  better  railroading  than  a  relay 
crew. 

The  undoubted  advantage  of  team  work,  as  obtained  by  always  ha\ing  the  same  train  crew 
behind  the  same  enginenaen,  is  becoming  less  and  less  practicable.  Trainmen  of  today  with  the 
aid  of  automatic  couplers,  automatic  brakes  and  increasing  train  speeds  are  able  to  turn  in  more 
mileage  monthly  than  is  possible  with  enginemen. 

The  enormous  growth  of  the  modern  freight  locomotive  together  with  the  increased  train 
tonnage  possibilities  is  already  restricting  the  enginemen*s  mileage  and  especially  affects  that  of 
the  fireman,  and  it  looks  as  thoi^h  the  advantages  of  team  work  by  always  having  the  same  crew 
together  is  becoming  less  and  less  practicable  every  day.  Where  it  can  be  practiced  the  advan- 
tages are  so  apparent  that  we  cannot  but  commend  it  in  the  strongest  way. 
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Why  then  is  the  question  of  pooling  still  an  open  one?  Two  chief  points  influenced  the  ques- 
tion thirtj  years  ago  and  they  haTe  equal  influence  today : 

lo  It  was  and  is  not  contradicted  that  pooling  increases  some  engine  expenses ; 
2^  The  main  advantage  gained  by  pooling  and  which  of&ets  these  increased  expenses  is  the 
decrease  in  interest  account  due  to  pooled  engines. 

We  have  no  sympathy  with  those  who  argue  that  pooling,  regardless  of  traffic  conditions, 
does  not  increase  engine  expenses.  Isolated  cases  may  be  cited  where  on  account  of  exceptional 
conditions  together  with  an  increase  in  mileage,  an  economy  is  shown  but  for  one  such  case  on 
a  line  not  burdened  with  traffic  and  with  plenty  of  engines,  there  will  be  a  dozen  that  will  show 
no  economy  whatever;  on  the  contrary  the  expenses  will  be  increased.  It  is  very  important  that 
this  fact  should  be  fully  recognized.  A  failure  to  appreciate  it,  may  involve  some  railroads  in 
heavy  expenses  that  are  quite  uncalled  for.  The  superficial  investigator  knowing  of  the  great 
success  of  pooling  under  some  conditions,  may  assume  that  pooling  is  a  general  economic  law  in 
handling  locomotives  on  railroads.     No  more  serious  mistake  was  ever  made. 

The  essentials  for  a  properly  conducted  engine  pool  are  as  follows  : 

1"  An  engine  house  inspector,  or  inspectors,  whose  duty  shall  be  to  report  all  work  on  incom- 
ing engines,  which  shall  be  checked  up  with  the  engineman's  incoming  report.  Provision  should 
be  made  to  have  all  work  properly  attended  to  :  neglect  in  this  matter  has  done  more  to  injure 
and  discredit  pooling  than  any  other  feature.  Men  in  a  pool  when  they  report  work  and  ten  days 
later  get  on  the  same  engine  and  find  the  same  thing  which  requires  repair  still  not  attended  to, 
drop  into  careless  habits.  There  are  too  many  cases  of  **  I  reported  that  leaky  boiler  check  the 
last  time  I  had  this  engine  and  here  it  is  not  repaired  yet.  "  If  a  regular  man  had  the  engine 
he  would  raise  objections  until  the  work  as  reported  was  done.  In  a  pool,  the  foreman  or  work- 
man has  a  chance  to  say  :  **  Another  man  will  get  this  engine  who  will  not  know  whether  this 
work  was  reported  or  not  " ; 

29  A  sufficient  engine  house  force  to  attend  to  all  cleaning  of  engines  both  below  and  above 
the  footboard  and  in  the  cab.  Provision  also  to  be  made  for  cleaning  and  filling  all  engine 
lights ; 

3*»  All  lantern  to  be  maintained  and  kept  undf»r  a  tool  room  check  system.  Under  this  system, 
lanterns  are  pooled  in  the  same  way  that  engines  are  and  each  incoming  engine  crew  has  to 
account  for  is  lanterns.  The  number  of  lanterns  under  this  system  is  materially  minimized 
through  a  large  proportion  of  these  being  in  constant  service; 

4*  Heavy  engine  tools  to  be  kept  in  a  sealed  box  on  the  engine,  the  seal  to  be  carefully 
inspected  on  each  arrival.     Each  engineman  to  be  supplied  with  a  portable  tool  box ; 

5»  A  kit  of  oil  cans  is  assigned  to  each  engineer.  These  receptacles  are  taken  off  the  engine 
by  the  fireman  at  the  end  of  each  trip  and  placed  in  the  oil  room  where  they  are  properly  filled, 
cleaned  and  cared  for ; 

6«  A  set  of  enginemen*s  lookers  or  boxes  should  be  at  the  disposal  of  the  engine  crew. 

In  conclusion  then  let  us  clearly  understand  that  no  hard  and  fast  rule  can  be  made  that  will 
fit  all  railroads  in  the  matter  of  pooling  engines.  The  conditions  of  traffic  together  with  the 
amount  of  equipment  as  existing  on  each  road,  alone  can  determine  the  expediency  for  or 
against  pooling. 

The  President.  (In  French.)  —  The  discussion  on  all  three  reports  is  now  open. 
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1  have  no  doubt  that  Mr.  Gibbs  of  the  Pennsylvania  on  which  the  subject  of  pooling 
has  been  particularly  studied  will  be  able  to  furnish  us  with  some  interesting 
information  on  the  subject. 

Mr.  A.  W.  Gibbs,  Pennsylvania  Railroad.  —  I  have  very  little  to  say  upon  the 
subject  of  pooling  locomotives,  which  originated  about  twenty-eight  years  ago  on 
our  road,  owing  to  a  scarcity  of  locomotives,  and  is  now  in  very  general  use.  The 
only  exceptions  are  certain  passenger  engines  which  are  single  crewed.  Still  more 
passenger  engines  are  double  crewed,  and  a  very  few  freight  crews  which  are  single. 
I  think  with  us  there  is  no  question  that  the  pooling  of  locomotives  has  had  a 
tendency  to  lower  the  general  standard  of  the  locohiotive  operation  —  that  there  is 
a  general  lack  of  interest  and  care  on  the  part  of  every  one  as  to  the  condition  of  the' 
locomotive,  and  at  the  present  time  our  management  is  largely  increasing  the 
number  of  locomotives  so  as  to  carry  on  a  trial  of  assigned  locomotives,  either  single 
or  double  crewed,  on  certain  of  our  divisions. 

We  run  across  some  very  serious  difficulties,  and  I  may  ask  some  of  the  gentlemen, 
especially  our  foreign  friends,  to  explain  some  points.  For  instance,  our  round- 
house, our  locomotive  terminals,  are  supposed  to  be  adequate  when  we  have  a 
roundhouse  facility  equal  to,  say,  one  quarter  of  the  engines  handled  at  a  terminal. 
For  instance,  if  you  are  handling  two  hundred  engines  through  a  terminal,  you 
would  want  from  forty  to  fifty  covered  pits,  a  roundhouse  of  at  least  forty  stalls. 
This  is  an  arbitrary  division,  and  sometimes  the  percentage  will  run  higher.  When 
we  run  to  a  large  number  of  engines  passing  through  one  terminal,  two  hundred 
engines  or  more,  it  is  practically  impossible  to  house  them.  They  have  to  stand  out 
of  doors.  The  question  we  have  not  solved  is  how  to  take  care  of  the  engines  which 
are  standing  while  the  crews  are  resting.  I  would  like  to  hear  from  some  of  my 
colleagues  on  that  subject.  The  second  point  is  how  to  take  care  of  the  crews  when 
the  engines  are  in  the  shops.  In  former  days,  it  was  not  an  uncommon  practice 
when  a  loox)motive  was  sent  to  shop,  that  the  locomotive  engineer  should  also  go  to 
the  shop  and  work  on  his  locomotive,  receiving  shop  pay.  Later,  the  custom  was 
established,  during  the  period  that  a  locomotive  was  in  shop,  of  giving  the  engineer 
any  unassigned  locomotive  to  use.  Later,  on  some  roads  the  practice  is  that  when 
an  engineer  wears  out  one  locomotive,  he  is  assigned  to  some  other  coming  from  the 
shop.  It  is  very  evident  that  the  incentive  to  care  for  the  engine  is  less  in  the  last 
case  than  in  the  first.  None  of  the  papers  mention  how  these  matters  are  managed. 
In  short,  we  are  in  the  position  of  people  who  pool  our  engines  habitually  from 
force  of  circumstances;  but  that  we  recognize  the  contrary  practice  seems  to  be 
attended  with  a  much  less  cost  of  maintenance  and  better  operation.  So  that  I  am 
really  in  the  position  of  a  questioner  rather  than  one  who  can  make  any  valuable 
contribution  to  the  discussion. 

Mr.  Flobert,  Spanish  Northern  Railways.  (In  French.)  —  One  short  question,  if 
you  will  allow  me.     Do  American  engine  drivers  receive  premiums  for  saving  coal? 
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Mr.  A.  W.  Oibbs.  —  On  our  road,  formerly  yes,  but  at  present,  no.  The  inac- 
curacy in  charging  coal  to  the  locomotives  and  crediting  that  on  the  tender  at  the 
end  of  the  run  is  so  considerable,  together  with  the  diflSculty  of  establishing  an 
equitable  basis  by  which  the  coal  consumption  can  be  compared,  was  so  great  that 
we  came  to  the  conclusion  that  the  premium  system  was  very  much  of  a  farce,  and 
it  was  given  up  for  those  reasons. 

Mr.  Tordeux,  French  Eastern  Railway.  (In  French.)  —  As  regards  the  system  of 
engine-driving  adopted,  we  must  take  into  consideration  the  allowance  of  premiums, 
which  makes  the  men  take  an  interest  in  maintaining  their  locomotives  in  good 
condition.  In  France,  we  give  premiums  for  saving  coal  and  oil  and  moreover,  at 
least  on  the  Eastern  Company,  maintenance  premiums.  The  latter  depend  for 
their  amount  on  the  mileage  run  by  the  men  with  their  engine  and  the  individual 
allowance  is  proportionately  high  according  as  the  total  distance  run  by  the  engine 
since  its  being  sent  to  the  main  shops  for  repair  is  greater. 

On  the  Eastern  Company,  we  set  our  faces  strongly  against  pooling  as  a  general 
policy  and  we  do  not  have  recourse  to  this  system  unless  we  are  absolutely  obliged 
to  meet  a  sudden  enormous  increase  of  traflSc.  And  we  always  do  our  very  utmost 
to  see  that  this  system  is  only  temporarily  employed  and  that  pooling  should  never 
be  practised  as  a  regular  thing. 

In  theory,  we  favour  the  single  crew  system,  which  has  always  given  us  most 
satisfactory  results.  This  does  not  however  mean  that  we  refuse  entirely  to  employ 
the  double  crew  system,  which  in  some  cases  has  proved  very  satisfactory  and 
economical.  But  these  instances  are  comparatively  few  and,  to  prove  advantageous, 
the  double  crew  system  ought  to  be  used  only  with  discretion.  For,  if  the  staff  is  to 
be  properly  utilized,  engines  manned  thus  ought  not  to  make  too  lengthy  runs  and 
there  must  not  be  too  long  intervals  when  they  are  lying  idle  between  the  trains 
they  are  hauling.  Moreover,  it  is  essential  that  these  engines  should  not  be  put  on 
too  arduous  a  service,  so  that  small  current  repairs  may  be  reduced  to  trifling 
dimensions.  When  employed  in  these  circumstances  in  the  suburbs  of  Paris  and 
of  other  large  cities,  the  double  crew  system  has  given  us  great  satisfaction. 

Apart  from  these  conditions,  the  double  crew  system  has  seemed  to  us  of  small 
advantage,  and  during  the  Paris  Exhibition  of  1900,  we  had  an  experience  on  our 
lines  that  I  should  like  to  bring  to  your  notice. 

During  that  year,  we  had  to  carry  an  enormous  number  of  passengers  to  Paris  and 
we  had  therefore  to  put  on  a  certain  number  of  extra  expresses.  The  result  was  that 
our  stock  of  express  engines  proved  insutficient.  To  meet  this  contingency  we 
manned  our  engines  with  double  crews  in  one  of  our  roundhouses.  But  these 
engines,  which  were  worked  to  their  full  power,  broke  down  so  often  that  any 
economy  there  might  be  in  working  a  double  crew  disappeared.  In  fact  we  only 
realized  a  very  small  saving  in  the  number  of  locomotives  working,  for  whereas 
when  a  single  crew  is  being  used  we  allow  only  an  extra  supply  of  10  to  15  per 
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cent  for  repairs  and  displacement,  we  found  ourselves  obliged,  in  our  double  crew 
service,  to  allow  between  50  and  60  per  cent  owing  to  the  frequency  of  the  break- 
downs that  occurred  in  the  engines  being  worked  on  this  system.  Finally,  despite 
all  the  care  that  could  be  taken,  the  express  engines  with  double  crews  were  so 
much  out  of  condition,  that  they  had  to  be  sent  to  the  main  repairing  sheds  after 
running  from  100,000  to  150,000  kilometres  (62,000  to  93,000  miles)  less  than 
engines  of  similar  patterns  which  had  been  worked  with  a  single  crew  in  another 
roundhouse  where  nevertheless  they  had  been  doing  rather  harder  work. 

Since  that  time  and  enlightened  by  this  result,  we  have  had  recourse  to  double 
crews  only  where  they  offered  obvious  advantage  and  everywhere  else  we  have  as  a 
general  rule  used  nothing  but  the  single  crew  system  —  a  decision  upon  which  we 
have  no  reason  to  do  other  than  congratulate  ourselves, 

Mr.  Astelin,  French  Northern  Railway.  (In  French.)  —  ff  I  understood  Mr.  Gibbs 
rightly,  he  wants  to  know  four  things  about  which  Mr.  Tordeux  has  perhaps  not 
replied  definitely. 

Mr.  Gibbs  asks  : 

!•  How  are  the  engines  looked  after  while  they  are  standing  in  the  roundhouse? 
2'*  Room  for  how  many  engines  under  cover  must  be  allowed  in  the  roundhouse? 
3""  How  are  crews  occupied  while  Iheir  engines  are  undergoing  repairs? 
4*  When  engines  come  out  from  the  general  repair  shops,  how  are  they  distrib- 
uted? 

I  will  try  to  reply  briefly  to  these  different  questions.  The  first  concerns  the 
maintenance  of  engines  while  they  are  idle  in  the  roundhouse. 

As  a  rule,  the  engines  are  entrusted  to  gangs  of  stokers  attached  to  the  roundhouse 
who  look  after  them  as  long  as  they  remain  there. 

It  is  the  driver  who  inspects  his  engine  when  it  gets  into  the  roundhouse  and 
points  out  what  repairs  are  required.  We  duplicate  this  inspection  by  means  of 
special  foremen  who  check  the  statements  of  the  drivers,  so  as  to  make  sure  that  the 
necessary  repairs  have  been  noted  properly,  and  to  see  that  these  repairs  are  pro- 
perly carried  out  while  the  engine  is  in  the  roundhouse. 

Secondly,  what  do  we  do  with  drivers  and  firemen  whose  engines  are  laid  up  for 
one  or  more  days  to  allow  of  the  necessary  repairs  being  carried  out? 

We  generally  have  a  certain  number  of  extra  engines  in  service.  These  engines 
are  handed  over  in  turn  to  the  crews  whose  locomotives  are  laid  up.  For  several 
days  then,  these  crews  take  over  the  extra  engines.  When  their  own  engines  have 
been  repaired  either  at  the  large  shops  or  in  the  roundhouse,  they  return  and  again 
take  possession  of  the  engines  which  belong  to  them. 

In  passing,  allow  me  to  say  that  in  our  roundhouse  shops  we  undertake  repairs 
of  greater  importance  than  those  which  are  carried  out  in  America  in  similar  round- 
houses. 
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So  in  a  general  way  our  drivers,  so  far  as  is  possible,  always  stick  to  their  own 
engines.  If  one  is  laid  up  for  repairs,  the  driver,  for  a  time,  takes  over  another  but 
returns  to  his  own  engine  as  soon  as  it  has  been  overhauled. 

As  regards  the  amount  of  room  under  cover  in  comparison  with  the  number  of 
engines,  we  have  no  fixed  rule.  I  know  roundhouses  where  there  is,  so  to  speak,  no 
cover  and  where  the  engines  are  stalled  almost  entirely  in  the  open .  On  the  average, 
however,  the  covered  stalls  amount  to  50  per  cent  of  the  number  of  engines  accom- 
modated. I  say  on  the  average,  because  there  are  points  where  the  covered  accom- 
modation is  greater  and  others  where  it  is  much  less.  This  arises  from  the  fact 
that  sheds  in  the  roundhouses  do  not  always  grow  as  fast  as  the  Iratfic.  The  whole 
matter  therefore  depends  often  on  the  date  at  which  a  particular  roundhouse  was 
built. 

Now  I  should  like  to  ask  a  question  which  suggested  itself  to  my  mind  while 
reading  Mr.  Rhodes'  report. 

It  is  there  stated  that  generally  speaking  in  America,  there  has  been  a  decrease  in 
the  mileage  run  by  engines.  I  should  like  to  know  what  limits  American  engineers 
allow,  in  passenger  service,  and  in  goods  service,  without  stopping  and  with  single 
crew. 

Mr.  A.  W.  Gibbs.  —  I  will  take  an  instance  illustrating  the  point  I  raise,  which 
will  probably  make  the  matter  clearer.  Two  divisions  of  our  railroad  centre  at 
Altoona.  These  two  divisions  have  686  freight  locomotives,  of  which  number  from 
4S0  to  500  go  to  this  one  terminal  at  Altoona.  The  roundhouse  has  but  52  stalls  and 
something  like  203  locomotives  are  handled  each  day  at  that  point.  These  engines 
are  in  the  double-pool,  the  triple-pool,  or  the  multiple-pool.  From  present  indi- 
cations it  looks  as  though  standing  room  would  have  to  be  provided  for  200  locomo- 
tives. 

The  question  of  finding  track  room  on  which  to  stand  so  large  a  number  of  loco- 
motives is  almost  appalling,  and  this  condition  prevails  not  only  at  Altoona,  but  at 
other  termipal  points.  It  is  one  of  the  serious  difficulties  in  the  way  of  establishing 
the  single  crew  system.  We  think  that  possibly  some  of  our  American  colleagues 
may  have  conditions  even  worse  than  that. 

Mr.  Assalin.  (In  French.)  —  If  I  am  not  mistaken,  Mr.  Gibbs  finds  it  impossible  to 
reply  to  the  question  I  asked  him. 

We  have  engines  which  belong  to  definite  roimdhouses.  Under  the  pooling 
system  employed  on  the  Pennsylvania,  there  are  no  engines  allocated  to  round- 
houses.   Therefore  we  cannot  reckon  on  similar  bases,  ours  being  quite  different. 

When  I  said  just  now  that  we  had  nearly  50  per  cent  of  the  stalls,  under  cover, 
I  was  not  counting  all  the  engines  that  arrive  at  the  depot,  for  then  of  course  the 
proportion  would  be  much  smaller. 

The  President.  (In  French.)  —  Is  not  every  engine  attached  to  a  special  roundhouse 
in  America? 
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Mr.  A.  W.  Oibbs.  —  No,  not  at  present.  The  common  pooling  system  is  to  have 
a  certain  number  of  engines  assigned  to  a  division.  They  may  be  single  crewed, 
double  crewed  or  multiple  crewed.  In  times  of  stress  the  large  roads  transfer  loco- 
motives with  very  little  warning  from  one  division  to  another.  The  crews  are 
allocated,  as  Mr.  Asselin  states.  The  locomotives,  when  assigned,  would  probably 
be  allocated  in  the  same  way. 

The  President.  (In  French.)  —  I  should  very  much  like  to  hear  answered  Mr.  Asse- 
lin's  question  as  to  the  longest  distance  run  by  an  engine  without  being  taken  off 
and  exchanged  for  another;  this  applies  both  to  goods  trains  and  passenger  trains. 

Mr.  A.  W.  Gibbs.  —  In  the  paper  by  Mr.  Rhodes  is  given  a  report  from  the 
Richmond  &  Danville  Railroad.  In  this  latter  report  are  stated  two  continuous 
runs,  each  of  140  miles,  or  280  miles  straight  away.  That  long  run  on  the  Rich- 
mond &  Danville  was,  at  the  time  when  I  was  connected  with  that  road,  made  with 
two  crews.  The  distance,  if  I  recall  it  correctly,  is  140  miles  from  Richmond  to 
Danville,  and  another  140  miles  from  Danville  to  Charlotte.  The  engineers  left  the 
locomotives  at  Danville,  but  the  locomotives  went  right  through  with  the  same  train. 
There  may  be  longer  continuous  freight  runs  on  other  American  roads,  but  1  am 
UQt  aware  that  such  is  the  case. 

Mr.  Sabouret,  French  Western  Railway.  (In  French.)  —  From  the  summaries  of 
the  reports  to  which  we  have  listened  and  the  data  with  which  we  have  been 
supplied,  I  gather  that  there  is  a  very  marked  difference  between  American  practice 
on  the  one  hand  aiid  the  French  methods  on  the  other  hand  which  likewise  apply  to 
most  European  systems. 

Pooling  is  the  American  practice;  the  individualized  crew  is  the  practice  preferred 
on  all  European  lines. 

This  difference  is  above  all  things  due  to  the  comparative  cost  of  fuel  in  the  two 
places.  For  if  we  consider  the  three  principal  items  of  haulage  expenditure,  we 
find  that  first  there  is  the  expenditure  on  the  staff,  secondly  cost  of  purchase  and 
maintenance  of  locomotives  and  thirdly  cost  of  fuel  besides  expenditure  on  oil. 

Pooling  and  a  single  crew  mean  that  the  staff  is  about  equally  utilized.  This 
utilization  depends  on  other  considerations  than  the  system  of  driving  followed;  it 
depends  more  upon  the  regulations  in  force  with  regard  to  hours  of  labour. 

The  utilization  of  the  locomotive  is  affected  by  very  different  circumstances  in 
Europe  and  America.  In  the  United  States,  the  initial  cost  of  a  locomotive  is  much 
lower,  and  it  would  seem  that  the  pooling  method  of  working  possesses  no  very 
distinct  advantage  in  this  respect  as  compared  with  the  system  practised  in  Europe. 
Pooling,  which  results  in  getting  more  work  out  of  the  engine,  is  evidently  less 
advantageous  than  individualisation  in  the  country  where  the  locomotive  costs  less. 
But  on  the  other  hand,  pooling  largely  increases  the  cost  of  maintenance.  The 
engine  keeps  in  much  better  repair  with  a  special  crew  and  in  this  way  the  European 
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practice  is  more  advantageous  than  the  American.  On  the  whole,  perhaps  these 
two  sources  of  expenditure  practically  balance  each  other. 

Now  comes  the  question  of  fuel.  In  the  United  States,  coal  costs  from  1  to 
2  dollars  on  the  tender.  In  France,  the  cost  of  fuel  amounts  to  as  much  as  3  and 
even  4  dollars  on  the  tender.  The  difference  is  considerable  and  is  enough  tp  justify 
the  preference  shown  in  France  and  in  most  European  countries  for  the  system 
of  special  crews  which  obviously  is  more  suited  than  any  other  to  saving  the 
consumption  of  fuel. 

In  order  to  arrive  at  a  fairly  accurate  idea  of  the  importance  of  the  saving  in  fuel, 
we  need  only  compare  these  two  items  of  expenditure :  fuel  and  driving.  In  France, 
coal  costs  nearly  double  the  wages  of  the  crew.  I  should  like  to  know  what  the 
proportion  is  between  these  same  expenses  on  American  lines,. 

After  careful  consideration,  it  is  obvious  that  the  widely  different  practice  followed 
in  America  is  due  to  the  very  different  conditions  that  hold  good  on  the  two 
continents. 

The  President.  (In  French.)  —  Can  anyone  answer  Mr.  Sabouret's  question? 

Mr.  A.  E.  Mitchell,  Lehigh  Valley  Railroad,  United  States,  —  On  the  Lehigh 
Valley  in  freight  train  service  our  cost  for  coal  and  for  enginemen  and  firemen  for 
the  year  ending  June  30,  1904,  was  as  follows  : 

Fuel  per  locomotive-mile 0-1297  dollar. 

—  per  1,000  ton-miles 0-1781     — 

Enginemen  and  firemen  per  locomotive-mile 0*0730     — 

—  —  per  1 ,000  ton-miles 0-0873     — 

During  the  same  period  on  the  Northern  Pacific  Railway  the  costs  were  as  follows  : 

Fuel  per  locomotive-mile 0*1582  dollar. 

—  per  1 ,000  ton-miles 0*1856     — 

Enginemen  and  firemen  per  locomotive-mile 0*0892     — 

—  —  per  1,000  ton-miles  .....       01047     — 

On  roads  with  which  I  have  been  connected  in  the  past  the  cost  of  fuel  is  about 
equal  to  the  combined  wages  of  the  enginemen  and  trainmen.  Of  course,  these 
-figures  are  based  on  the  large  locomotives  we  have  today,  in  addition  to  the  small 
ones  which  are  necessarily  on  each  road  and  are  approximately  average  figures. 

The  President.  —  We  should  much  like  to  have  the  opinion  of  some  of  the  repre- 
sentatives of  the  railways  of  Great  Britain  on  this  subject. 

Mr.  Dngald  Dnunmond,  London  &  South  Western  Railway.  —  I  should  like  to  say 
a  word  with  reference  to  the  practice  of  pooling  in  England.  Pooling  in  England 
is  the  exception,  not  the  rule.  The  exception  is  usually  applied  to  all  large  cities, 
more  especially  to  London,  where  we  have  a  population  of  6,500,000.  On  the  rail- 
way with  which  I  am  connected  we  have  one  hundred  and  ninety-five  engines  pooled, 

V.  XI  83 


Digitized  by 


Google 


—  4244  - 

but  ^ve  take  care  that  two  sets  of  men  continue  to  take  charge  of  that  engine  through- 
out the  whole  year.  So  far  as  regular  working  is  concerned,  we  never  pool  unless 
through  shortness  of  engines  at  a  station  where  an  accumulation  of  traffic  may 
overtake  us,  but  we  always,  as  a  rule,  have  sufficient  engines  to  do  that  work.  The 
switching  engines  which  we  have  at  the  several  depots  cost  more  for  maintenance, 
cost  more  for  fuel  than  the  ordinary  engines  worked  by  one  set  of  men  constantly, 
because  these  engines  are  in  the  charge  of  no  one  set  of  men ;  there  is  one  set  of  men 
on  today  and  another  set  of  men  on  tomorrow.  I  find  the  consumption  of  coal  is 
fully  10  per  cent  more  on  these  engines,  and  the  cost  of  repairs  equally  so.  I  have 
often  got  on  an  engine,  and  if  it  was  not  in  the  condition  I  thought  it  should  be,  I  say 
to  the  engine  driver  —  how  is  it  your  engine  is  in  this  condition?  The  invariable 
reply  is  —  I  received  it  in  this  condition;  it  is  not  my  own  engine;  this  is  the  first 
time  I  have  had  it. 

I  am  sure  no  engineer  of  experience  in  this  room  can  lay  down  a  hard  and  fast 
rule  for  pooling  engines.  On  all  the  railways,  the  work  is  so  varied,  and  you  cannot 
do  it  unless  there  is  a  large  suburban  traffic.  My  experience  is  where  you  have  that 
condition,  it  is  always  best  to  have  two  sets  of  men  on  that  engine  and  keep  them 
on  it.  We  run  3,900  miles  per  month  in  the  suburban  service  with  these  double 
crewed  engines.  We  find  very  little  difference  in  the  cost  of  repairs,  per  engine,, 
per  mile,  and  no  difference  in  the  cost  of  coal.  I  attribute  that  to  keeping  both  the 
men  who  are  on  the  engine  equally  responsible  for  it,  both  for  the  consumption  of 
fuel  and  the  condition  of  the  engine. 

We  have  a  system  which  may  be  of  some  interest  to  you.  We  never  allow  an 
engine  to  leave  the  shed  solely  on  the  examination  of  a  driver.  We  have  in  each 
shed  what  is  called  an  experienced  inspecting  mechanic,  whom  we  can  trust  to  go 
over  the  engine  before  it  leaves  the  shed,  which  prevents  a  great  number  of  failures 
in  the  working  of  our  traffic.  In  the  use  of  fuel  we  give  a  premium,  but  the 
premium  is  given  in  this  way  :  we  take  each  group  of  engines,  no  matter  what  they 
are,  perhaps  fifteen  engines  in  a  link,  which  do  certain  duty  during  the  month,  year 
in  and  year  out,  and  we  give  an  average  of  the  amount  of  coal  which  they  ought  to 
consume;  for  each  link  and  for  all  coal  saved  below  the  allowance  the  enginemen 
receive  20  per  cent  of  the  value,  which  is  considerable,  as  we  pay  18  shillings  per 
ton  for  coal  delivered  to  our  depots  and  the  premiums  received  by  the  men  on 
account  of  reduced  coal  consumption  range  from  10  shillings  to  13  pounds  for  one 
year,  and  the  extraordinary  thing  is,  that  the  men  who  draw  the  largest  premiums  are 
the  men  who  keep  the  best  time  and  keep  the  engines  in  the  best  condition.  We  find 
this  system  works  exceedingly  well ;  it  satisfies  the  men  and  satisfies  the  company, 
and  we  save  a  large  amount  of  coal  in  that  way.  I  think  this  system  is  much  prefer- 
able to  paying  the  lowest  driver  in  the  link  £1  per  month,  which  was  the  old  system 
of  working,  and  resulted  in  a  heavy  consumption  one  month  to  secure  a  low  con- 
sumption the  next  month.  When  coal  is  so  expensive  at  it  is  to  us,  there  is  every 
reason  why  we  should  encourage  our  men  to  be  very  economical  with  its  consump- 
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tioD,  but  we  make  a  condition  that  the  coal  is  not  to  be  saved  at  the  expense  of 
running  our  trains  punctually.    . 

1  am  perfectly  satisfied  that  pooling  is  not  desirable  if  you  can  avoid  it.  We  have 
almost  as  many  engines  as  we  require  for  our  traffic  in  order  to  avoid  pooling,  but 
as  1  said  before,  the  pooling  of  engines  cannot  be  avoided  whei-e  you  have  a  large 
suburban  traffic  such  as  we  have  in  London.  It  is  absolutely  necessary  for  us,  in 
those  cases,  to  pool  the  engines,  but  it  does  not  cost  us  any  more  for  repairs  or  for 
fuel  in  the  working  of  that  project. 

Mr.  J.  F.  Deems,  New  York  Central  &  Hudson  River  Railroad.  —  I  want  to  call 
attention  to  one  poir\t  which  may  be  misleading.  Mr.  Dugald  Drummond,  and 
others  who  spoken  before  him,  stated  that  they  were  forced  into  the  pooling 
system  at  certain  seasons  of  the  year,  owing  to  a  congestion  of  business  or  something 
of  that  kind  and  the  results  were  not  satisfactory.  Mow,  1  do  not  think  it  is  fair 
to  compare  the  results  obtained  under  such  conditions  with  what  might  be  expected 
under  a  regularly  organized  pool.  These  roads  are  forced  into  pooling,  tempora- 
rily, without  any  preparation  and  without  the  co-operation  of  any  one,  you  might 
say,  and  it  would  be  like  comparing  the  work  of  the  State  militia,  hastily  called 
into  action,  with  the  work  of  r^ular  troops.  I  wish  to  call  attention  to  that  fact, 
as  otherwise  the  statements  might  be  misleading. 

Mr.  Asselin.  (In  French.)  —  I  should  like  to  say  a  word  in  reply  to  Mr.  Deems. 

A  few  years  ago,  owing  to  traffic  requirements,  we  were  induced  to  practice  pool- 
ing throughout  on  our  lines  in  our  goods  service. 

Naturally  we  took  the  greatest  trouble  to  make  the  system  work  under  the  best 
conditions  possible.     Even  so,  the  results  were  hardly  satisfactory. 

I  remember  that  on  the  Northern  of  France,  during  the  year  1899-1900,  we  prac- 
tised pooling.  So  far  as  possible  we  arranged  for  super\'ision  of  the  engines  and 
the  pooling  system  was  practised  under  the  best  possible  conditions.  And  it  is 
upon  the  figures  that  we  then  obtained  that  we  have  based  our  views. 

Mr.  A.  Pilkington,  Madras  Railway,  India.  —  In  Mr.  Hubert's  report  is  a  state- 
ment that  on  the  Madras  Railway  they  adopted  tentatively  the  pooling  system 
and  found  it  so  unsatisfactory  that  they  altogether  discarded  it.  I  want  to  explain 
to  the  meeting  that  on  the  Madras  Railway  we  have  pooled  engines  for  shunting 
purposes  and  local  train  service ;  or,  as  termed  in  America,  switching  and  suburban 
traffic.  Although,  for  the  reasons  stated  in  Mr.  Hubert's  report,  we  have  discarded 
the  pooling  system  for  main  line  working,  we  are  under  the  impression  that  the 
system  has  its  advantages,  especially  in  countries  where  long  sections  are  traversed 
over  which  there  is  only  little  through  traffic  and  few  trains  are  worked  each  day. 
Our  engine  stations  are  a  considerable  distance  apart  and  it  would  not  pay  us  to 
have  a  large  number  of  roundhouses.  We  would  however  like  to  extend  the 
running  time  of  trains  between  engine  changing  stations  to  what  would  be  beyond 
the  capacity  of  single  engine  crews.     My  idea  is  that  we  might  adopt  what  I  believe 
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is  known  in  America  as  the  caboose  system,  carrying  on  board  a  train  a  certain 
number  of  coolies  who  could  do  the  work  of  loading  and  unloading  wagons  at 
roadside  stations,  at  which  it  would  be  costly  to  maintain  a  permanent  staff,  and 
relief  crews  for  the  engine,  say  four  firemen  —  we  always  have  two  firemen  on  the 
footplate  at  one  time  —  and  two  engineers.  We  might  by  that  means  prolong  the 
runs  for  our  engines  very  considerably  and  get  a  much  better  annual  mileage  out 
of  them.  I  should  be  glad  if  some  one  in  this  room  would  give  some  information 
concerning  a  system  such  as  that  referred  to;  as  I  have  said,  I  think  it  is  known  as 
the  caboose  system.  Mr.  Rhodes,  in  his  report,  makes  reference  to  some  such 
system  of  working,  but  I  have  had  no  opportunity  of  obtaining  details  as  to  how  it 
is  carried  out.  I  think,  that  not  only  on  the  Madras  Railway,  but  on  many  other 
lines,  it  is  a  system  which  might  be  worked  with  success. 

Mr.  Busse,  Danish  State  Railways.  —  In  reply  to  Mr.  Gibbs,  I  want  to  say  that  the 
practice  in  regard  to  roundhouse  stalls  is  to  be  determined  by  experience.  In  a  cold 
climate  like  that  of  Denmark,  it  is  quite  necessary  that  all  engines  shall  be  put  into  a 
shed  at  night.  Further,  in  our  practice,  when  an  engine  goes  to  the  workshop  for 
large  repairs,  the  crew  is  given  a  new  engine,  and  as  a  rule,  the  crew  never  gets  the 
previous  engine  again.  Further,  I  have  to  say  that  when  the  reply  of  the  Danish  State 
Railways  to  question  No.  6  was  written,  we  had  only  a  very  short  experience  with  the 
double  crew,  and  in  the  early  stages  of  this  experience,  as  might  be  expected,  we  had 
many  troubles,  as  is  the  case  with  almost  every  technical  improvement.  After  recent 
experience,  I  should  like  to  let  you  know  my  altered  views  on  the  question.  We 
have  now  introduced  double  crews  on  a  great  number  of  passenger  trains,  and  we 
save  a  lot  of  engines  by  it.  I  do  not  believe  it  augments  the  consumption  of  coal. 
I  believe  that  in  running,  no  coal  is  spent  without  a  corresponding  development  of 
power,  that  is  to  say,  the  hauling  of  a  greater  load  of  the  train  or  the  making  up  of 
lost  time.  More  lubricants  may  be  used,  but  that  is  a  trifle  compared  with  the  gain 
in  capital  which  would  be  involved  in  a  greater  number  of  locomotives  and  in 
greater  roundhouse  accommodation.  The  only  difiiculty  at  present  is  to  combine 
the  distribution  of  men  and  engines,  so  as  not  to  have  too  much  or  too  little  service 
for  them,  and  so  that  the  men  can  catch  their  engines  at  the  time  when  they  are  able 
to  go  in  service  after  a  proper  rest,  and  besides  being  a  question  of  combining,  it 
very  much  depends  upon  the  working  time  table.  It  is,  of  course,  easier  to  find 
a  really  economical  combination  when  you  have  many  trains  to  choose  from,  than 
where  there  are  a  few  to  be  served  by  the  same  class  of  engines. 

Mr.  Asselin.  (In  French.)  —  Might  I  ask  Mr,  Gibbs  one  question? 

On  Thursday  last,  when  we  were  discussing  locomotives  of  great  power,  Mr,  Gibbs 
said  he  was  sorry  that  in  America  they  had  not  thfe  system  of  premiums  for  the 
drivers  as  in  France.     This  system  is  obviously  only  possible  if  pooling  is  not  usual. 

The  question  I  desire  to  ask  is  as  follows  :  Is  the  tendency,  at  least  on  Mr.  Gibbs' 
railway,  in  favour  of  decreasing  or  increasing  pooling? 
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Mr.  A.  W.  Oibbs.  —  It  is  rather  diflScult  to  answer  that  question.  Mr.  Rhodes 
stated  in  his  paper,  if  I  remember  aright,  that  thirty-six  roads  were  in  favor  of 
pooling  and  forty-eight  roads  in  favor  of  assigned  engines.  I  think  —  I  do  not 
know  —  from  what  I  have  read  that  there  is  a  growing  sentiment  in  favor  of 
assigning  the  locomotives.  I  am  exceedingly  sorry  that  a  representative  of  the 
Lackawanna  road  is  not  present,  because  that  road  has  a  system  of  assigned  locomo- 
tives and  has  about  seven  hundred  locomotives.  On  one  division,  locomotives  are 
assigned  to  single  crews;  on  the  next  division  they  are  double  crewed,  and  on  the 
third,  they  are  run  on  the  multiple  pool.  I  made  a  visit  last  year  and  had  an  oppor- 
tunity of  studying  their  system  and  was  exceedingly  impressed.  I  think  if  most  of 
my  American  colleagues,  could  see  the  way  it  was  handled  on  that  road,  that  the  favor 
in  which  the  pooling  system  is  held  would  be  increased.  I  think  Mr.  Asselin  is 
slightly  mistaken  in  regard  to  my  stating  a  regret  that  the  men  did  not  receive 
bonuses  on  the  locomotives  of  great  power.  In  explaining  to  my  American 
colleagues  I  was  simply  giving  the  results  of  the  observations  of  a  locomotive 
engineer  whom  I  sent  to  France,  and  among  other  railroads,  he  spent  considerable 
time  on  the  Northern  Railway  of  France,  and  he  made  a  report  to  me  giving  the 
system  of  premiums  for  coal  saved,  time  made  up,  time  kept  out  of  shop,  and 
penalties  for  the  time  lost  and  excess  of  coal  used.  If  that  could  be  worked  satis- 
factorily in  this  country  and  produce  the  results  which  were  given  on  the  Northern 
Railway  of  France,  I  should  be  verj^  glad  to  see  it  done.  I  am  merely  quoting  from 
a  report  of  our  own  engineer. 

The  President.  (In  French.)  —  We  should  find  it  very  difficult  to  finish  this  debate 
at  a  single  sitting.  It  is  getting  late  and  so  I  propose  that  we  adjourn  till  2  o'clock. 
We  can  then  finish  the  debate  and  arrange  the  conclusions  upon  this  very  interesting 
subject.  (Agreed.) 

—  The  meeting  adjourned  at  12.10. 


Meetiner  lield  on  May  9,  1905  (afternoon). 

The  President.  (In  French.)  —  We  will  now  continue  the  debate  commenced  this 
morning. 
I  beg  to  call  upon  Mr.  Hoy. 

Mr.  W.  W.  Hoy,  Central  South  Africa  Government  Railways.  —  I  do  not  rise  to 
take  part  in  the  discussion,  but  only  to  give  some  information  requested  by  one  of 
the  delegates  in  regard  to  the  caboose  system.  The  caboose  system  has  been  in  use 
on  the  Rhodesia  Railway  since  1897.  There  is  accommodation  in  the  caboose  for  two 
drivers,  two  firemen  and  two  guards.  The  shifts  are  twelve  hours,  and  the  run  is 
1,000  miles  from  Mafeking  to  Bulawayo,  being  a  continuous  run  of  500  miles,  with 
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a  rest  often  hours  at  the  end  of  that  run,  and  the  return  from  Bulawayo  to  Mafeking, 
being  SOO  miles,  where  eighteen  hours  rest  is  given.  The  men  employed  in  that 
service  receive  a  small  allowance  per  diem  for  travelling  in  the  caboose.  The 
system  at  iirst  was  received  with  some  opposition,  but  is  now  entirely  successful. 
1  was  upon  that  line  for  a  year  and  a  half,  and  I  speak  for  the  period  of  my  service. 
As  far  as  1  know,  the  system  is  still  in  operation  and  quite  successful.  The  number 
of  cars  in  a  train  for  one  of  the  large  engines  is  thirty  vehicles.  The  pooling  of 
crews  has  been  practised  in  South  Africa  and  it  was  most  successful  —  it  was  in 
operation  partially  during  the  period  of  the  war,  which  is  not  a  fair  comparison  of 
conditions  or  a  fair  period  to  take.  Engines  were  pooled  throughout  that  period, 
but  it  is  not  a  fair  comparison^  and  for  that  reason  I  do  not  propose  to  offer  any 
observations  on  the  subject  If  there  is  any  other  information  I  can  give  you  in 
regard  to  the  caboose  system  I  shall  be  glad  to  do  so.  One  of  the  drivers  takes 
service  for  the  first  twelve  hours  and  the  second  driver  takes  senice  for  the  second 
twelve  hours  of  the  day.  The  first  driver  goes  on  again  at  the  end  of  half  of  the 
journey,  at  Bulawayo,  the  termination  of  the  first  500  miles.  The  engine  at  that 
point  is  banked  for  ten  hours  and  the  staff  during  that  period  takes  a  rest. 

Mr.  W.  Mclntoth,  Central  Railroad  of  New  Jersey.  —  The  object  of  pooling 
engines  is  naturally  to  obtain  economy  in  operation.  Where  this  can  be  secured, 
pooling  has  been  considered  a  success.  It  is  difficult,  I  imagine,  to  establish  a 
pooling  arrangement  over  any  large  system,  for  the  reason  that  there  are  so  many 
varied  conditions.  There  are,  however,  on  most  systems  divisions  or  districts  where 
pooling  is  almost  necessary,  and  when  a  pooling  system  is  properly  organized  good 
results  are  obtained.  Where  the  service  is  of  such  a  nature  that  the  engines  can  be 
utilized,  and  you  can  make  more  mileage  than  the  crews  can  work,  you  must  either 
pool  your  engines  in  a  systematic  manner  or  accomplish  the  result  in  an  unsystematic 
way  by  having  relief  crews  at  hand  to  relieve  the  regular  ones  when  they  become 
fatigued.  In  my  experience  of  handling  crews  under  such  circumstances,  1  have 
found  that  there  is  a  tendency  for  the  regular  crew  to  either  ask  relief  from  service 
at  times  when  they  were  not  justified  is  doing  so,  or  to  remain  in  service  a  consider- 
ably longer  period  than  they  were  justified  in  doing,  and  in  the  latter  instance, 
more  or  less,  to  the  disadvantage  of  the  service.  The  unpopularity  of  pooling 
engines  maybe  first  ascribed  to  the  fact  that  there  is  more  attention  required  in  the 
way  of  supervision  than  there  is  with  the  regular  engine  system  and  also  to  the 
prejudice  of  the  enginemen  who  are  naturally  opposed  to  changing  their  engines. 
Another  factor  which  enters  largely  into  the  making  of  pooling  unpopular  is  the 
lack  of  facilities  for  doing  the  repair  work  promptly  and  thoroughly,  or  the  neglect 
to  maintain  the  system  in  proper  form  when  once  established.  It  is  not  difficult  to 
formulate  a  system  of  pooling  and  to  establish  it,  but  it  is  a  difficult  matter  to  main- 
tain a  system  of  pooling  in  satisfactory  operation,  and  that  is  where  the  success  or 
failure  lies  either  in  the  proper  maintaining  or  the  failure  to  do  so. 
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To  pool  locomotives  successfully,  and  in  fact  to  maintain  them  successfully,  in 
these  days  of  large  power  and  severe  requirements,  can  only  be  done  by  the  shop 
force  —  the  engineman's  assistance  is  a  small  factor  and  will  consist  merely  in 
stating  what  is  wrong,  making  an  intelligent  report  at  the  terminal  as  to  what  he 
has  discovered  wrong  with  the  engine  and  what  is  required  to  repair  it.  The 
balance  of  the  work  must  be  done  at  the  terminal  and  by  the  terminal  force,  and  on 
the  thoroughness  of  inspection  and  repairs  depend  the  results.  There  are  abnormal 
conditions  in  some  of  the  Western  Stales  where  there  is  exceedingly  bad  water, 
boiler  feed  water  I  mean,  when  engines  are  held  off  for  each  trip  long  enough  to 
wash  out  the  boilers  and  refill  them.  Under  such  conditions,  it  is  possible  to  follow 
the  engines  with  regular  crews,  but  in  most  instances  where  large  power  is  used 
and  the  service  is  exacting,  it  is  an  utter  impossibility  for  regular  crews  to  attempt 
to  follow  their  engines. 

On  the  system  I  am  connected  with,  we  operate  some  districts  with  single  crews, 
some  with  double  crews,  and  other  districts  we  pool  entirely,  in  our  heavier 
service,  that  is,  moving  anthracite  coal  from  the  mines  to  tidewater,  we  pool  the 
engines  exclusively.  That  is  our  heaviest  equipment  and  we  cannot  conceive  that 
in  any  other  manner  could  we  possibly  secure  the  results  in  the  way  of  service  that 
we  now  obtain. 

The  President.  —  Is  Mr.  A.  H.  Smith  present?  If  not,  does  any  one  else  wish  to 
speak  upon  this  subject? 

Mr.  H.  J.  Small,  Southern  Pacific  Company,  United  States.  —  Just  before  the 
morning's  session  adjourned,  a  question  was  asked  by  one  of  the  foreign  delegates 
as  to  the  present  status  of  pooling  in  this  country.  I  think  Mr.  Mcintosh  has 
partially  answered  that,  but  I  do  not  think  his  remarks  were  a  direct  answer  to  that 
question,  i  believe  that  I  can  speak  for  the  far  west  in  particular,  and  for  other 
parts  of  the  country  generally.  All  over  this  country  there  has  been  a  marked 
change  recently  respecting  pooling,  possibly  since  Mr.  Rhodes'  report  was  written. 
On  the  system  I  am  connected  with,  the  company  has  in  the  past  few  years  changed 
from  coal  to  fuel  oil  very  largely;  probably  80  per  cent  of  our  power  is  now  using 
fuel  oil.  We  very  emphatically  discovered  the  evil  effects  of  pooling  especially  in 
bad  water  districts.  The  number  of  engine  failures  increased  very  largely.  The 
result  was  that  we  were  obliged,  almost,  to  single-crew  all  engines,  with  the  result 
that  engine  failures  decreased  very  rapidly,  and  I  think  they  arc  now  down  to  their 
minimum.  I  believe  it  is  safe  to  state  that  the  sentiment  in  regard  to  pooling 
engines  in  this  country  is  changing.  I  think  in  a  short  time  it  will  be  found  more 
economical  to  single-crew  engines.  Of  course,  there  are  times  on  all  lines  when 
there  is  a  rush  business,  when  pooling  is  necessary  for  a  short  time  only.  When  the 
dull  time  came  again  it  gave  an  opportunity  to  get  the  engines  up  into  condition; 
but  I  think  the  result  almost  everywhere  has  been  that  where  pooling  has  been 
practised,  the  efficiency  and  condition  of  the  power  has  very  consideralby  decreased. 
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Mr.  A.  lovell,  Atchison,  Topeka  &  Santa  Fe  Railway,  United  States.  —  I  wish  to 
endorse  what  Mr.  Small  has  just  said  in  regard  to  the  changing  sentiment  in  regard 
to  pooling  engines,  which  corresponds  with  our  experience  on  the  Santa  Fe  road. 
When  I  went  to  that  system  about  two  and  half  years  ago,  nearly  all  the  divisions  on 
that  system  had  pooled  engines  to  a  certain  degree,  most  of  them  being  in  the 
freight  service.  The  passenger  service  was  operated  mainly  by  double  crews,  or 
three  crews  to  two  engines.  Within  the  last  year  or  two,  particularly  on  the 
westerly  end  of  the  system,  where  crude  oil  is  used  for  fuel,  our  experience  has 
coincided  with  that  of  Mr.  Small  on  the  Southern  Pacific  —  the  engine  failures 
increased  very  rapidly.  The  engineers  and  firemen  failed  to  have  the  interest  in 
their  engines  that  was  desirable,  and  all  the  efibrts  of  the  master  mechanic  and  every 
one  else  connected  with  the  motive  power  department,  failed  to  keep  up  the  interest 
that  was  desirable  on  the  part  of  the  engineers  in  taking  care  of  the  little  details 
necessary  to  prevent  engine  failures  on  the  road.  During  the  past  year,  we  have 
been  endeavoring  to  get  engine  crews  assigned  to  the  engines  as  far  as  possible,  and 
at  the  present  time  this  has  been  accomplished  to  a  greater  or  less  degree  on  nearly 
every  division  of  the  system  from  Chicago  to  Los  Angeles  and  San  Francisco.  About 
the  last  part  of  the  territory  which  went  into  the  assigned  system  was  the  Arizona 
division  and  that  was  one  of  the  divisions  which  previously  caused  the  greatest 
trouble  on  account  of  failures.  The  crews  were  assigned  to  the  engines  in  this 
territory  I  think  in  December  last,  and  the  engine  failures  immediately  began  to 
decrease.  The  condition  of  the  engines  began  to  improve,  and  in  March  our  reports 
of  engine  failures  showed  they  were  less  in  that  month  than  in  any  month  for  three 
and  one  half  years.  We  attribute  the  improvement  very  largely  to  the  assignment 
of  crews  to  the  engines.  It  has  occurred  to  us  that  it  is  better  to  lose  a  little  time 
with  the  engines  in  the  roundhouse  and  keep  them  in  satisfactory  condition  for 
service,  so  that  when  they  go  out  they  will  take  the  train  to  the  next  terminal,  rather 
than  to  rush  them  out  of  the  roundhouse  on  to  a  train  and  have  them  fall  down 
after  they  get  half  way  over  the  division.  There  is  not  as  much  time  lost  in  taking 
care  of  them  before  they  go  out  as  there  is  in  taking  care  of  them  on  the  road 
if  the  engines  fail.  We  have  very  large  engines  and  we  have  considerable  trouble 
with  the  water,  that  is,  water  which  has  bad  effects  on  the  flues  and  fire-boxes, 
causing  a  good  deal  of  leaking  and  a  good  deal  of  sediment  in  the  water;  and  for 
this  reason  it  is  usually  necessary  to  hold  an  engine  in  for  washing  out  the  boilers, 
calking  the  flues,  etc.,  for  at  least  six  or  eight  hours  on  each  round  trip.  On  some 
of  the  divisions,  the  runs  are  150  miles  in  each  direction.  Where  that  is  the  case,  the 
engine  crews  can  get  the  necessary  rest  while  the  engines  are  being  cared  for,  and 
no  more  engines  are  required  than  would  be  if  we  had  the  pooling  system  in  use. 
It  is  found  to  be  much  more  satisfactory  under  these  conditions  to  have  the  engines 
assigned.  These  conditions  do  not  prevail  on  all  the  divisions  of  our  system. 
There  are  places  where  it  is  necessary  to  pool  the  engines  to  a  certain  extent. 
Usually,  where  they  are  assigned,  we  have  a  certain  number  of  engines  on  certain 
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kinds  of  service  that  can  be  drawn  upon  lo  put  into  the  regular  service  in  case  one 
is  taken  out  for  repairs,  and  we  also  have  a  certain  number  of  extra  men  and  extra 
engines  that  are  not  in  the  regular  assignment.  This  is  found  to  work  out  very 
satisfactorily  in  case  an  engineer  lays  off  or  his  engine  is  required  to  be  put  in  the 
shop. 

The  President.  —  Has  any  one  else  anything  to  say  on  this  subject  before  the  con- 
clusions are  presented  to  the  meeting? 

Mr.  T.  Eonayne,  New  Zealand  Government  Railways.  —  I  desire  to  make  a  few 
remarks  which  may  be  of  interest  to  the  delegates  with  regard  to  item  No.  1,  that  is 
the  assignment  of  special  crews  to  special  locomotives.  Our  experience  in  New 
Zealand  leads  us  to  believe  there  is  no  question  but  that  it  is  the  most  satisfactory 
systemr  We  find  that  the  crews  take  a  very  great  interest  in  their  machines,  in  fact 
they  spend  considerable  time  in  getting  them  prepared  for  the  road,  and  they  look 
upon  them  as  part  and  parcel  of  themselves,  practically  their  own  property.  That 
is  the  condition  of  affairs  with  regard  to  the  assignment  of  special  engines  to  special 
enginemen. 

We  have  found  double  crews  are  also  satisfactory  under  certain  conditions  and 
the  conditions  are  these  —  that  is,  you  have  an  opportunity  to  make  a  better  selec- 
tion of  the  men.  If  you  have  a  proper  selection  of  men,  men  who  work  harmo- 
niously together  for  the  common  good,  the  system  is  very  satisfactory  indeed.  The 
multiple  crew  system  is  resorted  to  as  little  as  possible.  Three  crews  are  largely 
used  and  with  selected  men  have  been  found  unobjectionable.  We  have  a  large 
number  of  trains  running  in  from  distant  parts  of  the  country  into  the  centres,  and 
with  three  men  crews  there  is  no  diflSculty  whatever  in  dividing  time,  no  trouble 
whatever  with  the  three  men  crews ;  but  in  the  case  of  the  double  crews  we  have  to 
select  our  men  and  see  that  they  work  harmoniously  and  are  suitable.  Interpolated 
crews  are  not  much  in  vogue  and  are  considered  objectionable.  Pooling  is  resorted 
to  only  when  the  locomotives  in  service  are  unable  to  cope  with  the  business. 
I  might  mention  that  these  remarks  do  not  apply  to  the  shunting.  The  shunting 
locomotives  are  invariably  pooled.  But  where  the  shunting  is  very  extensive  there 
is  generally  a  foreman  in  charge  of  the  locomotive  depot  who  has  these  particular 
engines  under  his  notice,  and  the  results  are  not  unsatisfactory. 

Where  we  have  had  to  resort  to  pooling,  serious  accidents  have  sometimes  hap- 
pened, traceable  to  the  system.  It  has  been  found  that  enginemen  who  work  on 
the  pooling  system  do  not  take  the  interest  in  their  work  which  is  so  apparent  in 
the  single  crew  system.  Additional  fuel  and  lubricants  are  used  and  repairs  are 
also  much  increased;  disputes  also  arise  as  to  the  consumption  of  fuel  and  lubri- 
cants. I  might  quote  a  case  which  came  under  my  personal  experience  just  before 
I  left  my  country,  and  that  was  the  dropping  of  a  fusible  plug.  The  plug  was 
dropped  and  the  engineman  who  was  on  the  engine  at  the  time  said  it  was  due  to 
the  carelessness  of  the  man  who  ran  the  engine  the  day  before,  but  after  considera- 
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tion,  we  concluded  that  it  was  due  to  the  carelessness  of  the  man  who  had  the  engine, 
that  it  never  would  have  dropped  if  he  had  looked  over  his  engine  properly,  and 
he  was  obliged  to  pay  a  fine  of  30  shillings.  With  the  fusible  plugs  we  rarely  have 
damage  to  our  boxes,  but  in  this  case  the  fire  was  put  out  and  the  traffic  on  the  road 
delayed,  but  tliat  was  the  only  trouble  which  resulted.  In  transferring  from  engine 
to  engine  in  the  case  of  pooling,  I  might  say  that  the  list  of  tools  is  pasted  on  each 
engine.  The  placard  is  varnished,  and  is  put  under  glass  so  that  it  cannot  be 
changed.  The  equipment  of  each  engine  is  printed  on  that  notice  and  a  frequent 
inspection  of  the  tool  box  is  made  by  the  foreman.  The  tool  boxes  are  supplied 
with  spare  motion  pins  and  other  parts  which  may  become  useful  in  a  break  down. 
We  found  it  a  wise  provision  in  various  cases  in  the  event  of  a  pin  working  out  of 
the  Walschaerts  gear,  as  we  could  take  the  engine  forward  by  putting  in  an  old  pin 
which  would  be  sufficient  to  carry  it  to  the  depot  where  a  new  pin  could  be  procured. 

Mr.  ¥oltein,  Moscow-Kazan  Railway.  —  in  order  to  show  how  different  the  condi- 
tions for  pooling  are,  I  may  mention  that  we  consider  crude  oil  the  most  economical 
fuel  for  pooling  engines.  With  us,  the  cost  of  fuel  consumed  in  an  ordinary  engine 
is  about  $315  per  month,  while  the  wages  of  engineers  and  stokers  amount  to  §85 
for  the  same  time.  This  being  the  average  ratio,  it  is  evident  that  the  slightest 
increase  in  the  consumption  of  fuel  would  be  absolutely  ruinous.  It  has  been 
observed  in  the  discussion  that  fuel  spent  meant  power  developed,  but  we  know 
that  fuel  in  the  shape  of  steam  is  often  wasted  and  much  more  so  when  the  pooling 
system  is  in  force.  That  is  the  reason  why  we  try  to  avoid  pooling  as  much  as 
possible  with  the  exception  of  switching  and  suburban  traffic.  Nevertheless  we  are 
often  obliged  to  resort  to  pooling,  especially  when  traffic  is  exceptionally  intense. 
We  also  practice  the  caboose  system  for  ballast  trains  with  very  good  results.  W^ilh 
our  kind  of  fuel,  pooling  proved  to  be  very  ruinous,  and  locomotive  failures  occurred 
very  often. 

The  President.  —  Does  any  one  else  wish  to  speak  ? 

Mr.  Flofoert.  (In  French.)  —  On  the  Northern  of  Spain  we  have  employed  multiple 
crews  and  we  are  still  using  double  crews  occasionally  but  solely  because  we  are 
obliged  to  do  so.  Otherwise  we  should  go  back  to  the  single  crew  system  which 
has  always  seemed  to  us  the  best. 

The  President.  -^  I  will  ask  Mr.  Gibbs  if  he  will  kindly  repeat  what  he  has  said  to 
me  in  conversation  about  the  continuation  of  pooling,  even  with  the  large  number 
of  locomotives  being  put  out  of  service. 

Mr.  A.  W.  Oibbs.  —  The  point  1  mentioned  to  the  President  v^s  in  answer  to  the 
question  —  what  is  done  when  there  is  a  great  fluctuation  of  business  in  the  pooling 
system;  what  to  do  Avith  the  locomotives  when  the  business  is  not  sufficient  to  keep 
them  employed.  Our  practice  is  that  when  there  is  not  sufficient  business  to  keep 
the  locomotives  fully  employed,  all  locomotives  which  can  be  spared  should  be 
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tallowed  and  laid  aside  in  good  condition,  because  the  fewer  number  of  engines 
will  mean  fewer  number  of  roundhouse  operations.  We  believe  the  roundhouse 
cost  of  keeping  a  few  engines  very  busy  is  much  less  than  keeping  a  large  number 
of  engines  partially  busy.  If  an  engine  stays  in  the  shop  or  roundhouse  every  day, 
doing  nothing,  you  will  still  find  cost  in  connection  with  that  engine  going  on.  In 
almost  any  system  of  charging  accounts  you  will  find  that  there  are  charges  against 
the  idle  engine;  and  while  I  do  not  know  that  we  will  all  agree  on  the  subject  it  is 
my  belief  that  the  proper  way  to  provide  for  diminution  of  business  is  to  lay  aside 
every  engine  that  can  possibly  be  spared,  choosing  the  engines  which  are  in  good 
condition  so  that  when  expansion  again  occurs  you  can  get  good  locomotives.  On 
our  road  we  have  had  three  hundred  locomotives  tallowed  at  a  time  and  laid  away. 
I  think  the  same  thing  holds  true  to  some  extent  with  other  roads  in  this  country 
where  the  engines  are  assigned  to  single  crews,  but  the  engines  are  tallowed  and  the 
erews  put  back  firing  or  put  on  the  extra  Jist.  I  do  not  think  this  practice  of  laying 
engines  by  is  confined  to  the  pooling  system  alone. 

The  President.  —  If  no  one  has  anything  more  to  say  on  this  subject,  the  discussion 
may  be  considered  as  closed.  I  suggest  that  we  suspend  the  meeting  in  order  that 
the  conclusions  to  be  presented  to  the  general  meeting  may  be  drawn  up  by  our 
Secretary.  (Agreed,) 

—  The  meeting  adjourned  at  3  p.  m.  and  met  again  at  3.10. 

The  President.  (In  French.)  -7  I  will  now  ask  Mr.  Boell  to  read  the  conclusions 
which  our  officers  submit  for  the  section's  approval. 

Mr.  Boell,  principal  seci^etary  and  reporter  : 

"  The  section  finds  that  in  Europe  and  in  countries  other  than  North  America 
the  general  sentiment  is  very  much  in  favor  of  the  single  crew  system  and  unfa- 
vorable to  complete  pooling,  which  is  only  used  when  necessitated  by  a  sudden 
increase  in  traffic.  However,  for  certain  services  various  combinations  of  double 
or  multiple  crews  or  of  mixed  crews  are  used  according  to  circumstances. 

"  In  North  America  pooling  is,  on  the  contrary,  very  general,  though  little  used  for 
passenger  service,  and  a  tendency  to  using  single  crews  is  generally  manifest. 

"  It  should,  however,  be  remarked  that  the  organization  of  train  service  depends 
to  a  large  extent  on  local  conditions.  " 

The  President.  —  Has  any  one  any  amendment  or  alteration  to  suggest  to  these 
eonclusions? 

—  The  conclusions  were  unanimously  adopted. 

—  The  meeting  adjourned  at  3.  IS  p.  m. 


Digitized  by 


Google 


DISCUSSION  AT  THE  GENERAL  MEETING 


Meeting  held  on  May  11,  1905  (afternoon). 

Mr.  Stuyvesant   FISH,  president,  in   the   chair. 

General  secretary,  Mr.  L.  VVEISSENBRLCH. 

Associate   general   secretary,   Mr.  W.   F.    ALLEN. 

Mr.  Ed.  Sauvage,  president  of  the  2"*^  section^  read  the 

Report  of  the  2"^  section. 

(See  the  Daily  Journal  of  the  session.  No.  7,  p.  136.) 

"  Mr.  BoELL  summed  up  his  report,  and  read  the  following  conclusions  : 

"  1«  The  pooling  system  always  leads  to  a  very  perceptible  increase  in  the  expense 
per  kilometre,  and  therefore  it  ought  not  to  be  employed  except  in  Case  of  absolute 
necessity. 

"  2*  For  the  purpose  of  increasing  the  work  of  engines,  it  is  preferable  to  have 
recourse  to  the  system  of  auxiliary  crews,  or  to  the  multiple  crew  system,  the  evils 
of  which  are  infinitely  less. 

"  3*»  The  double  crew  system  is  particularly  to  be  approved,  particularly  for 
switching,  suburban  or  shuttle  train  service,  and  even  for  certain  classes  of  through 
train  service,  for  the  reason  that,  while  affording  better  utilization  of  engines  than 
the  single  crew  system,  it  may  permit  of  a  slight  saving  in  fuel  without  appreciable 
increase  in  cost  of  repairs. 

"  4**  With  these  various  systems,  it  may  be  of  advantage  in  fuel  expense  to  assign 
to  each  engineman  a  particular  tender  which,  however,  gives  rise  to  certain  com- 
plications in  the  service  and  cannot  always  be  realized. 

"  5°  The  system  of  three  men  crews  may  in  certain  cases  be  substituted  advanta- 
geously for  that  of  double  crews. 

"  6**  Finally,  other  systems  than  that  of  the  single  crew  have  little  to  commend 
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them  for  fast  express  train  service,  which  demands  engines  in  a  perfect  condition  of 
repair  and  well  understood  by  the  engineman  who  handles  them. 

"^  Mr.  HoDEiGE  (Belgian  Slate  Railways)  gave  an  abstract  of  the  report  presented  by 
the  lamented  Mr.  E.  Hubert,  recently  deceased.  It  appears  from  this  report,  that 
out  of  fifty  roads  which  have  replied  to  the  questions  of  the  reporter,  sixteen  use 
single  crews  only,  except  in  switching  operations  at  the  yards,  where  some  of  them 
use  double  crews  and  that  twenty-four  roads,  representing  about  45  per  cent  of  the 
total  mileage,  prefer  without  exception  the  use  of  single  crews.  After  the  single 
crew,  the  system  most  used  is  the  double  crew.  A  great  majority  of  railroads  which 
regularly  use  this  system,  recognize  that  the  advantages  which  it  affords,  in  the 
annual  number  of  kilometres  run  by  their  locomotives,  in  the  reduction  and  regula- 
tion of  the  number  of  working  hours  of  the  employes  and  in  lighting  up  and 
banking,  are  only  obtained  at  the  expense  of  increasing  the  consumption  of  fuel  and 
lubricating  materials  and  also  at  the  cost  of  a  poorer  maintenance  of  the  engines. 

**  The  three  men  and  multiple  crews  are  not  used  except  for  yard  switching  opera- 
tions or  under  special  conditions.  Finally,  complete  pooling  is  little  in  favor,  and 
outside  of  the  Taff  Vale  Railway  (England),  which  seems  to  be  pleased  with  it,  and 
the  Transbaikal  (Russia),  which  operates  under  peculiar  conditions,  this  system  is 
not  used  if  it  can  be  avoided.  The  reporter  is  of  the  opinion  that  this  system 
cannot  be  well  judged,  except  after  studying  the  results  obtained  by  important 
companies  using  it  on  their  systems,  in  a  permanent  and  general  manner. 

"  The  principal  secretary  Mr.  Boell  then  summed  up  the  report  of  Mr.  G.  W. 
Rhodes. 

"  It  appears  from  this  report  that  out  of  eighty-four  replies  obtained  forty-eight 
were  against  and  thirty- six  in  favor  of  the  complete  pooling  system. 

"  The  reporter  stated  that  two  important  points  controlled  this  matter  thirty  years 
ago  and  still  exert  the  same  influence  today  : 

•"  1^  The  complete  pooling  system  increases  the  cost  of  transportation. 

**  2**  The  main  advantage  of  the  complete  pooling  system,  which  is  of  a  nature  to 
compensate  for  the  increase  in  expenses,  is  the  possibility  of  doing  the  work  with 
fewer  locomotives  which  effects  a  reduction  of  the  capital  investment. 

"  The  reporter  arrives  at  the  conclusion  that  the  essentials  for  a  properly  con- 
ducted engine  pool  are  as  follows  : 

"  1**  An  engine  house  inspector,  or  inspectors,  whose  duty  shall  be  to  report  all 
work  on  incoming  engines,  which  shall  be  checked  up  with  the  engineman's 
incoming  report.  Provision  should  be  made  to  have  all  work  properly  attended 
to;  neglect  in  this  matter  has  done  more  to  injure  and  discredit  pooling  than  any 
other  feature.  Men  in  a  pool,  who  when  they  have,  on  leaving  work,  reported  a 
defect,  and  ten  days  later  get  on  the  same  engine  and  find  the  same  thing  which 
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requires  repair  still  not  attended  to,  drop  into  careless  habits.  If  a  regular  man 
had  the  engine  he  would  raise  objections  until  the  work  as  reported  was  done.  In 
a  pool  the  foreman  or  workman  has  a  chance  of  saying  :  *•  Another  man  will  get  this 
engine  who  will  not  know  whether  (his  work  was  reported  or  not. ' 

"  ^  X  sufficient  engine  house  force  to  attend  all  cleaning  of  engines  both  below 
and  above  the  footboard  and  in  the  cab.  Provision  to  be  made  also  for  cleaning 
and  filling  all  engine  lights. 

"  3®  All  lanterns  to  be  maintained  and  kept  under  a  tool  room  check  system. 
Under  this  system,  lanterns  are  pooled  in  the  same  way  that  engines  are,  and  each 
incoming  engine  crew  has  to  account  for  its  lanterns.  The  number  of  lanterns 
under  this  system  is  materially  minimized  through  a  large  proportion  of  these  being 
in  constant  service. 

"  4*  Heavy  engine  tools  to  be  kept  in  a  sealed  box  on  the  engine,  the  seal  to  be 
carefully  inspected  on  each  arrival.  Each  engineman  to  be  supplied  with  a  portable 
tool  box. 

"  5*  A  kit  of  oil  cans  should  be  assigned  to  each  driver  and  returned  by  him 
after  each  trip  and  placed  in  the  oil  room  to  be  properly  filled,  cleaned  and  cared 
for.  ^ 

"  6*  A  set  of  enginemen's  lockers  or  boxes  should  be  at  the  disposal  of  the  engine 
crew. 

""  The  report  concluded  with  the  statement  that  no  hard  and  fast  rule  can  be  made 
that  will  fit  all  railroads  in  the  matter  of  pooling  engines;  the  conditions  of  traffic^ 
together  with  the  amount  of  equipment  as  existing  on  each  road,  alone  can  deter- 
mine the  expediency  for  or  against  pooling. 

"^  Mr.  Alfred  W.  Gibbs  (Pennsylvania  Railroad)  began  the  discussion  by  stating 
that  the  pooling  system  has  been  generally  used  on  his  lines  for  the  last  twenty-eight 
years,  except  for  some  passenger  trains  which  have  single  or  double  crews.  The 
roundhouses  are  organized  for  this  system,  and  do  not  afford,  on  an  average,  more 
covered  space  than  is  required  for  four  engines.  He  would  be  pleased  to  know 
how  the  single  crew  system  is  organized  in  Europe  —  that  is,  who  takes  care  of  the 
engines  while  the  employees  in  charge  are  resting,  how  the  crews  of  the  engines  in 
repair  are  utilized,  and  how  the  engines  repaired  are  distributed. 

**  Mr,  ToRDEL'x  (French  Eastern  Railway)  reported  on  the  poor  results  obtained  on 
his  system  by  the  use  of  a  double  crew.  The  number  of  accidents  caused  were  sa 
great  that  it  finally  required  the  service  of  a  greater  number  of  engines  to  straighten 
out  these  accidents. 

"  Mr.  AssELiN  [French  Northern  Railway)  replied  to  Mr.  Alfred  W.  Gibbs  that 
engines  are  inspected  on  arrival  at  the  roundhouse  by  the  machinist  and  the  station 
masters,  and  that  special  firemen  take  care  of  them.  When  an  engine  goes  into  the 
shop,  a  supplementary  engine  is  turned  over  to  its  crew  until  the  latter  can  again 
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take  up  the  engioe^  which  is  regularly  assigned  to  it.  On  the  average,  the  number 
of  covered  places  available  at  the  roundhouse  is  equal  to  half  of  the  engines  belonging 
to  it. 

*  Replying  to  a  question  by  Mr,  Asselin,  Mr.  Alfred  W.  Gibbs  stated  that  the 
longest  continuous  run  ever  made  by  a  locomotive  in  America  was,  to  his  know- 
ledge, 281  miles  on  a  freight  train  with  a  double  crew. 

"  Mr.  Sabouret  (French  Western  Railway)  stated  that  the  great  difference  which 
exists  between  American  and  European  practice  can  be  explained  by  the  difference 
in  the  cost  of  fuel,  which  costs  from  1  to  2  dollars  on  the  tender  in  America  and  3 
to  4  dollars  in  France.  In  France,  ttie  consumption  of  fuel  represents  an  expense 
double  that  of  the  wages  of  the  ^igine  crew;  it  would  be  interesting  to  know  what 
ibis  proportion  is  in  America. 

"  Mr.  A.  E.  Mitchell  [Lehigh  Valley  Railroad)  stated  that  for  modern  locomotives 
the  cost  of  fuel  on  his  system  exceeds  the  wages  of  the  employees  by  10  per  cent  and 
that  on  other  systems  this  expense  is  practically  the  same. 

"  Mr.  Dugald  Drummond  (London  &  South  Westeim  Railway)  reported  that  pooling 
is  unusual  in  his  country,  except  for  certain  suburban  trathc;  the  maintenance  and 
fuel  consumption  of  the  pooled  engines  being  10  per  cent  higher  than  that  of  the 
single  crew.  Money  prizes  encourage  the  drivers  to  be  economical  with  fuel  and  to 
take  care  of  the  engines.  * 

"  Mr.  J.  F.  Deems  (New  York  Central  &  Hudson  River  Railroad)  remarked  that 
pooling  would  give  better  results  when  practised  in  a  general  and  continuous  way 
than  when  used  only  at  certain  times  to  suit  the  requirements  of  the  traffic. 

"  Mr.  AssELiN  replied  that  in  spite  of  all  precautions  taken  by  the  Northern 
Railroad  when  it  tried  to  introduce  pooling,  the  results  attained  were  entirely 
unsatisfactory. 

"  Mr.  Arthur  Pilkington  (Madras  Railway,  India)  explained  that  his  road,  having 
stations  great  distances  apart,  would  very  much  like  to  find  a  system  which  would 
enable  it  to  run  its  locomotives  much  greater  distances  than  can  be  accomplished 
by  its  crews.  He  would  be  pleased  to  get  some  information  on  the  working  of  the 
'  caboose  V System,  which  consists  in  taking  along  on  the  train  a  second  engine 
crew. 

"  Mr.  0.  F.  A.  BussE  (DoTiish  State  Railways)  reported  that  in  a  country  with 
severe  climate,  all  engines  must  be  provided  with  shelter  and  that  on  his  road,  if  an 
engine  enters  for  repair,  the  crew  in  charge  of  it  takes  another  engine.  On  his  road , 
the  double  crew  is  used  on  many  passenger  trains,  which  enables  them  to  reduce  the 
number  of  necessary  engines  without  noticeably  increasing  the  expenses.  The  cost 
of  lubrication  alone  increases,  but  this  increase  in  expense  is  small  if  the  economy 
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realized  on  the  capital  is  considered.  The  only  difficulty  is  in  .the  division  of  the 
labor  of  the  engines  and  the  crews,  and  this  difficulty  varies  with  the  service  to  be 
performed. 

'^  Mr.  AssELiN  stated  that,  at  a  previous  meeting,  Mr.  Alfred  W.  Gibbs  had 
expressed  his  regrets  that  the  engine  crew  in  America  does  not  get  money  prizes  for 
economy,  as  in  France.  The  system  of  prizes  is  not  practicable  with  pooling,  and 
he  asked  Mr.  Gibbs  whether  the  tendency  in  America  is  to  increase  or  reduce 
pooling. 

"  Mr,  Alfred  W.  Gibbs  replied  that,  at  the  present  time,  the  sentiment  in  America 
seems  to  be  favorable  to  putting  locomotives  \n  charge  of  certain  crews,  as  shown 
by  the  example  of  several  roads.  In  expressing  his  regrets  that  there  are  no  money 
prizes  in  America,  he  repeated  the  opinion  of  an  engineer  sent  by  him  to  France. 
If  he  were  sure  to  obtain  the  same  results  by  applying  the  same  system,  he  would 
be  well  pleased  to  do  so. 

"  Mr,  W.  W.  Hoy  {Central  South  Africa  Government  Railway)  supplied  some  infor- 
mation on  the  working  of  the  '  caboose  system '  on  his  lines,  which  consists  in 
employing  two  complete  crews  and  shifting  them  after  twelve  successive  hours*  run, 
and  giving  them  a  complete  rest  of  ten  hours  after  a  run  of  about  500  miles, 

"  Mr.  William  McIntosh  (Central  Railroad  of  New  Jersey)  stated  that  he  was  of 
the  opinion  that  pooling  is  the  most  suitable  system  for  the  operation  of  a  great 
railroad  system  with  heavy  traffic,  but  it  is  difficult  to  organize  and  requires  closer 
attention  to  the  inspection  service,  which  renders  the  system  unpopular.  Certain 
sections  of  his  road  are  served  by  single  crews,  others  by  double  crews,  but  on  the 
ipost  busy  sections  pooling  dominates  absolutely,  and  the  nature  of  the  traffic  does 
not  permit  of  the  use  of  any  other  organization. 

"  Mr.  H.  J,  Small  (Southern  Pacific  Railway)  reported  that  the  use  of  crude  petro- 
leum as  a  fuel  for  several  years  past  has  increased  the  difficulties  of  pooling  to  such 
an  extent  that  his  company  had  to  go  back  to  the  single  crew  system,  with  the  result 
of  a  considerable  reduction  in  the  number  of  accidents. 

**  Mr.  A.  LovELL  (Atchison,  Topeka  &  Santa  Fe  Railway)  confirmed  the  statement 
of  Mr.  Small.  For  the  same  reason  his  company  had  to  return  to  the  single  crew 
system,  as  engines  using  liquid  fuel  cannot  be  conveniently  maintained  if  they  do 
not  stay  at  the  roundhouse  a  sufficiently  long  time.  Moreover,  the  bad  quality  of 
the  water  compels  them  to  wash  the  boilers  after  a  run  of  six  to  eight  hours.  He 
added  that  these  conditions  are  not  the  same  throughout  the  whole  country. 

"  Mr.  Thomas  Ronayne  (New  Zealand  Government  Railways)  maintained  that  the 
single  crew  system  gives  more  satisfactory  results  because  the  men  take  better  care 
of  the  engines.  The  double  crew  gives  equally  good  results  if  its  crews  are  suitably 
selected.    The  three-men  crew  is  much  used  on  his  system  under  the  same  condi- 
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tions.  The  multiple  crew  and  the  system  of  mixed  crews  are  little  used,  and  com- 
plete pooling,  which  has  given  poor  results  in  all  points,  is  employed  as  little  as 
possible  except  for  station  operations. 

**  Messrs.  G.  Noltein  (Moscow-Kazan  Railway)  and  Flobert  (Northern  of  Spain 
Railway)  declared  themselves  also  opposed  to  the  complete  pooling  system. 

"  Mr.  Alfred  W.  Gibbs  supplied  some  information  on  the  measures  taken  by  the 
Pennsylvania  Railroad  as  a  consequence  of  traffic  fluctuations.  It  is,  of  course, 
understood  that  the  system  needs  a  sufficient  number  of  engines  to  enable  it  to 
handle  the  greatest  requirements  of  its  traffic ;  when  the  traffic  decreases,  all  loco- 
motives which  are  not  necessary  are  put  aside  and  carefully  oiled  to  avoid  unne- 
cessary maintenance  expenses.  As  to  the  employees  who  cannot  be  utilized,  they 
are  laid  off  temporarity. 

"  The  section  finally  adopted  the  following  draft  of  conclusions  for  submission 
to  the  general  meeting.  " 

The  President.  —  The  following  are  the 

CONCLUSIONS. 

"  The  Congress  finds  that  in  Europe  and  in  countries  other  than  North  America 
**  the  general  sentiment  is  very  much  in  favor  of  the  single  crew  system  and  unfa- 

•  vorable  to  complete  pooling,  which  is  only  used  when  necessitated  by  a  sudden 
**  increase  in  traffic.  However,  for  certain  services  various  combinations  of  double 
"  or  multiple  crews  or  of  mixed  crews  are  used  according  to  circumstances. 

"  In  North  America  pooling  is,  on  the  contrary,  very  general, ^though  little  used 

*  for  passenger  service,  and  a  tendency  to  using  single  crews  is  generally  manifest. 
"  It  should,  however,  be  remarked  that  the  organization  of  train  service  depends 

**  to  a  large  extent  on  local  conditions.  ^ 

—  These  conclusions  were  adopted  by  the  general  meeting. 
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APPENDIX 


Corrigenda  to  the  report  No.  3,  by  E.  Habert. 


Page  683  of  the  Bulletin  of  February,  1905  (page  VI-33  of  the  separate  issue  No.  30  and  of 
the  Proceedings),  lines  14  and  15  from  the  bottom,  omit  the  toords  :  *\  "Western  Australia 
Government  Railways  '*. 

Page  685  of  the  Bulletin  (page  VI-35),  line  13  from  the  top,  instead  of  : 

"2.1H7^  I    Western  Australia  Government  Railways .    ...     I     291     I     116     I      7,253,242      I    11,211.612 
(1,359)    I  III      (4,507,919)      j    (6,968,662) 

read  : 

**  2,480     I    Western  Australian  Government  Railways     ...     |     329     I     234     I       7,393,569       I     9,193,947 
(1.541)    I  III      (4,594,234)     |    (5,712,957)" 

Page  693  of  the  Bulletin  (page  VI-43),  between  lines  10  and  11  from  the  bottom,  interpolate 
the  following  paragraph  : 

•*  Wbstbrn  Australian  Government  Railways.  —  Pooling  was  introduced  in  this  State 
on  the  main  line  to  the  Kalgoorlie  Goldfields  in  July  1904,  and  is  giving  most  satisfactory 
results.  *' 
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2»*  SECTION.  —  LOCOMOTIVE  AND  ROLLING  STOCK. 


[«2».2i6]  QUESTION  VII. 


AUTOMATIC    COUPLERS 


Advantages  and  disadvantages  of  automatic  couplers. 
Improvements  effected  in  their  construction.     Their  use  in  conjunction 
with  other  couplings. 

Reporters  : 

America.  —  Mr.  A.  W:  Gibbs,  general  superintendent  of  motive  power,  Pennsylvania 
Railroad. 

England.  —  Mr.  W.  F.  Pettigrew,  locomotive,  carriage  and  wagon  superintendent, 
Fumess  Railway. 

Other  countries,  —  Mr.  G.  Noltein,  membre  du  conseil  d'administration  du  cbemin  de  fer 
de  Moscou-Kazan. 
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SECTIONAL    DISCUSSION 


Meeting  held  on  May  10,  1905  (morning). 


Mr.  Ed.  SAUVAGE,  phesident,  in  the  chair. 

The  President.  (In  French.)  —  In  the  absence  of  Mr.  Petligrew,  I  call  upon  Mr.  Gibbs 
to  open  the  discussion  with  a  summary  of  his  paper. 

Mr.  A.  W.  Gibbs,  reporter  for  America,  —  I  am  going  to  ask  permission  of  the 
meeting  to  omit  the  reading  of  my  report,  for  the  reason  that  it  is  largely  a  historical 
statement  of  what  has  been  done.  It  is  not  a  statement  of  problems  which  have  to 
be  solved,  because  in  this  country,  the  automatic  coupler  is  an  accomplished  fact. 
Its  form  has  been  settled  by  the  mechanical  people  and  it  has  been  endorsed  legally, 
so  that  the  only  problems  with  us  are  those  of  securing  an  uniformity  in  the  require- 
ments, sufficient  strength  and  some  of  the  minor  problems  such  as  the  provision 
for  coupling  on  severe  curves.  It  may  be  said  that  the  latter  is  about  the  only  serious 
problem  that  has  to  be  settled,  as  since  the  introduction  of  steel,  the  strength  of  the 
couplers  in  tension,  at  any  rate,  is  far  beyond  that  of  any  two  engines  which  we  can 
put  on  the  train. 

Since  my  report  was  written,  I  have  had  tensile  tests  made  of  a  large  number  of 
the  couplers  of  the  different  makes  and  I  find  that  the  weakest,  of  practically  an 
obsolete  type,  had  a  strength  as  high  as  104,000  pounds.  I  find  that  the  modern 
steel  couplers  have  a  strength  which  ranges  anywhere  from  200,000  to  291,000 
pounds,  and  in  fact  we  tested  a  number  which  did  not  break  at  300,000  pounds,  so 
that  structurally  I  do  not  feel  we  have  to  do  more  than  enforce  existing  specific- 
ations. 

The  other  countries  have  the  problem  to  face  of  what  they  will  do  —  whether  they 
will  introduce  automatic  couplers  at  all,  the  type  of  automatic  couplers  they  will 
use,  and  whether  they  can  attach  these  couplers  to  the  existing  vehicles  without 
costs  which  would  be  prohibitive,  so  that  I  think  greater  results  wiU  be  obtained  by 
all  here  from  discussing  the  papers  of  Messrs.  Pettigrew  and  Noltein,  which  deal  with 
a  problem  which  is  not  solved.  With  your  permission,  therefore,  I  will  omit  the 
reading  of  my  paper. 
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The  President.  (In  French.)  —  Will  our  secretary  kindly  read  us  the  conclusions 
of  Mr.  Pettigrew's  report. 

Mr.  Paul-Dubois,  secretary.  (In  French.)  —  In  his  report,  Mr.  Petligrew  accepts  the 
conclusions  of  the  report  of  a  Royal  Commission  appointed  in  England  to  consider 
couplings.     These  conclusions  are  as  follows  : 

The  greatest  number  of  accidents  appears  to  arise  from  the  dealiug  with  ws^ons  in  motion, 
-when  engaged  in  goods  and  mineral  traffic.  The  wagons  have  to  be  arranged  and  marshalled 
chiefly  in  shunting  yards  and  sidings.  Nearly  one  half  of  the  wagons  belong  to  private  owners, 
in  whose  trade  they  are  employed. 

In  order  to  effect  the  necessary  operations,  trains  have  to  be  dissected,  wagons  separated  one 
from  another,  and  then  placed  together  again  so  as  to  constitute  a  full  train. 

This  involves  the  coupling  and  uncoupling  of  many  wagons,  frequently  when  in  motion. 
Operations  have  often  to  be  carried  on  at  night,  in  yards  not  always  sufficiently  lighted  and 
under  conditions  as  to  space,  which  render  it  difficult  for  the  men  duly  to  do  their  work. 

Until  some  twenty  years  ago,  the  coupling  and  uncoupling  of  wagons  on  railways,  were 
performed  by  men  who  had  to  pass  between  the  wagons  for  the  purpose,  but  a  practice  was  then 
introduced  of  coupling  and  uncoupling  by -means  of  a  pole,  and  such  practice  came  into  almost 
universal  use  about  the  year  1886.  No  doubt  the  use  of  the  pole  has  lessened  the  risks  incurred 
by  railway  servants,  but  it  by  no  means  represents  a  perfect  method  of  couplings  and  uncoupling, 
and  gives  rise  to  considerable  and  regrettable  risk  to  the  men  employed. 

In  order  to  make  use  of  it,  men  who  in  the  night  time  have  to  carry  a  lamp  in  one  hand,  are 
necessarily  obliged  to  run  by  the  side  of  a  moving  train  and  find  a  iulcrum  as  best  they  can  on 
whicsh  to  rest  the  pole.  The  space  in  which  the  pole  has  to  benaed  is  often  of  a  too  restricted 
character.  Under  those  cirourastaiices,  if  a  man  over-reaohes  himself ,  or  slips,  or  catches  his 
feet  in  any  impediment,  he  is  liable  to^oatain  injuries  of  a  very  serious  character. 

It  .has  to  he  observed  that  the  j^hnnting  :pole  ran  only  be  used  with  loose  link  couplings,  but  tis 
a  number  of  wagons  in  use  on  railways  are  fitted  with  stiff  couplings,  it  is  necessary  for  the  men 
when  coupling  and  uncoupling,  to  pass  between  them  and  use  their  hands  for  the  purpose  of  doing 
this  work. 

Mr.  Pdltigrew  then  adds  : 

I  cannot  do  better  than  conclude  with  these  extracts  from  this  most  excellent  report  of  the 
Rnyal  Commission,  but  I  cannot  find  that  the  recommendation  of  the  two  last  paragraphs  above 
have  been  carried  out  either  by  the  railway  companies,  or  that  powers  have  been  given  to  the 
Board  of  Trade,  to  appoint  a  committee  to  co-oporate  with  the  railway  companies. 

Mr.  Noltein,  reporter  for  all  countries  except  England  arid  America.  —  Automatic 
couplers  have  been  adopted  in  Europe  with  two  objects,  .first  to  avoid  the  frequent 
accidents  which  occur  during  shuntii^  and  secondly,  to  increase  considerably  tiie 
strength  of  the  couplings. 

The  only  solution  of  this  double  problem  is  that  which  bas  been  obtained  in  the 
United  States  through  the  use  of  Une  coupJers  weJl  known  as  the  M.  C  B.  (Master 
Car  Builders  Association  Couplers].  These  couplers  .are  fully  inter diangeable  and, 
according  to  Mr.  Gibb's  report,  afford  great  security  to  the  men  employed  in  shunting. 
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Unfortunately  ibe  use  of  this  very  ingenious  apparatus  involves  a  very  considerable 
increase  in  dead  weight,  and  the  smaller  the  capacity  of  the  cars,  the  greater  becomes 
this  disadvantage.  In  the  case  of  the  ordinary  European  goods  trucks,  with  a 
capacity  of  from  iO  to  15  tons,  the  increase  in  dead  weight  due  to  using  an  auto- 
matic coupler  amounts  to  about  1,785  Ibu,  with  a  corresponding  increased  expen- 
diture, and  yet  we  get  no  equivalent  return  in  the  matter  of  safety  till  after  a  long 
traositioa^riod. 

This  fact  in  iiself  is  sufficient  to  explain  why  many  European  engineers  are  con- 
vinced that  the  adoption  of  M.  C.  B.  couplers  in  addition  to  the  existiag  couplings 
would  prove  absolutely  ruinous  to  the  railway  companies. 

The  solution  of  this  double  problem  cannot  be  obtained  by  strengthening  the 
European  couplings  (as  experience  has  proved) ;  it.must,  Iherefore,  be  sought  in  an 
application  of  the  American  system,  capable  of  giving  the  desired  result,  to  the  most 
complete  extent. 

As  German  and  Russian  lines  are  the  ones  which,  owing  to  sundry  economic 
conditions  in  those  countries,  are  compelled  io  look  forward  to  reduclions  in  the 
rates,  it  is  quite  natural  that  the  first  experiments  should  be  made  in  those  countries. 

The  following  programme  was  submitted  to  the  different  managements  of  the 
railways  belonging  to  the  Veiein  as  a  guide  tin  carrying  out  these  trials  : 

1<»  The  shape  of  the  coupler  head  must  approximate  as  closely  as  possible  to  the 
standard  pattern  recommended  by  the  American  Master  Car  Builder's  Association; 

2*^  The  distance  between  the  centre  of  the  head  and  that  of  the  drawhook  shall  be 
240  millimetres  (9  "'/le  inches) : 

3*  The  centre  of  the  surface  of  contact  of  the  head  (of  fhe  knuckle)  shall  project 
15  millimetres  {^^Izi  inch)  beyond  the  faces  of  the  side  buffers  (buffers  not  com- 
pressed) ; 

4**  The  travel  of  the  spring  of  the  automatic  coupler  shall  amount  to  from  50  to 
100  millimetres  (2  to  4  inches) ; 

5*  The  lateral  play  of  the  coupler  head  shall  not  amount  to  more  than  75  milli- 
metres (2  31/32  inches)  on  either  side. 

The  Moscow-Kazan  Railway  (Russia),  having  recognised  the  urgent  necessity  ot 
strengthening  the  drawgear  so  as  to  increase  the  paying  load  of  their  trains  grad- 
ually to  1,000  tons,  proceeded  to  the  investigation  of  the  subject  in  1898. 

The  principles  adopted  by  this  railway  in  the  construction  of  transition  appliances, 
differed,  however,  from  those  of  the  German  Verein,  although  the  same  object  was 
aimed  at.     These  principles  were  :  • 

1<»  The  transition  must  be  effected  in  one  single  period ;  and  consequently,  the 
American  coupler  head  must  be  fitted  in  its  definite  final  position; 

2**  The  centre  of  the  coupling  must.be  in  the  same  horizontal  plane  as  the  centre 
oftheunderframe; 

3"  In  order  to  avoid  possible  and  even  very  probable  errors  which  might  result  if 
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a  new  shape  of  coupler  head  were  adopted,  the  shape  must  be  exactly  that  specified 
In  the  rules  approved  by  the  American  Car  Builders'  Association  (the  M.  C.  B.  type) ; 

4°  The  travel  of  the  coupler  head,  which  in  America  is  fixed  at  35  millimetres 
(1  3/g  inch),  must  be  increased  to  from  60  to  65  millimetres  (2  ^/g  to  2  ^/jg  inches), 
in  order  to  increase  the  elastic  work  of  the  drawsprings  which  also  act  as  buffer 
springs ; 

5°  As  the  substitution  of  American  automatic  couplers  in  place  of  the  old  screw 
couplings  gives  rise  to  considerable  expense,  it  is  absolutely  necessary  that  the 
lines  which  adopt  this  alteration  should  from  the  beginning  gain  some  advantage 
from  it. 

The  arrangement  recommended  by  me  has  been  fitted  to  some  27  ton  trucks,  and 
this  is  the  only  pattern  of  trucks  now  being  built  for  the  Moscow-Kazan  line. 

Another  solution  has  been  suggested  for  passenger  carriages. 

In  the  case  of  couplings  for  passenger  carriages,  the  question  appears  to  the 
reporter  to  be  very  different;  on  the  one  hand,  as  there  are  fewer  vehicles  and  they 
are  generally  used  in  made-up  trains  requiring  no  complicated  shunting  opera- 
tions, the  change  can  be  effected  with  much  less  difficulty;  on  the  other  hand,  the 
existing  couplings  are  so  poor  and  so  unsuitable  for  passenger  carriages,  that  their 
use  on  modern  rolling  stock  seems  to  be  a  grotesque  anachronism. 

Screw  couplings,  in  addition  to  their  well-known  disadvantages  as  far  as  the  safety 
of  the  employees  is  concerned,  are  in  no  way  adapted  to  satisfy  the  special  con- 
ditions which  prevail  in  the  case  of  the  passenger  train  service.  This  service  is  run 
at  high,  or  at  least  at  considerable  speed,  with  short  stops  at  stations,  which  allows 
but  little  time  for  adding  or  detaching  carriages  or  for  joining  up  sections  coming 
from  different  directions. 

The  principal  disadvantages  of  the  existing  coupling  under  these  circumstances 
are  as  follows  : 

i"  It  is  well-known  that  if  the  couplings  are  screwed  up  tight,  so  that  the  buffer 
springs  are  compressed  to  a  certain  extent,  this  much  assists  the  smooth  running  of 
the  carriages,  as  the  friction  between  the  faces  of  the  buffers  opposes  oscillations  of 
all  kinds  as  well  as  sideway  movements. 

But  this  method  of  obtaining  smooth  running,  only  attains  the  desired  object  in 
a  primitive  and  incomplete  manner ; 

2<*  A  condition  which  is  essential  for  the  safety  of  the  passengers  in  case  of 
accidents,  is  to  prevent  as  much  as  possible,  the  vertical  displacement  of  each 
carriage  relatively  to  the  adjoining  carriages. 

It  is,  however,  quite  evident  that  the  present  coupling  in  no  way  interferes  with 
the  relative  movements  of  the  ends  of  two  wagons  in  contact. 

As  for  the  buffers,  these  appear  to  be  devices  specially  designed  to  guide  the 
underframes  into  the  bodies  of  the  wagons  behind,  and  in  this  way  to  render  every 
accident  more  disastrous.     For  as  the  axes  of  the  rods  of  two  buffers  in  contact  are 
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hardly  ever  in  the  same  straight  line,  the  rods  are  easily  bent,  and  thus  in  case  of  a 
collision,  they  form  inclined  planes  which  force  each  underframe  on  to  or  under  the 
adjoining  one,  and  thus  they  contribute  to  the  destruction  of  the  bodies; 

3*»  When  much  space  is  left  between  the  carriages,  the  gaps  have  to  be  bridged 
over  with  long  and  inconvenient  footways  protected  by  railings.  If  vestibules  are 
provided,  the  latter  are  also  long  and  costly  and  subject  to  considerable  wear,  as  they 
have  to  follow  all  the  relative  movements  of  the  carriages; 

4*»  The  drawsprings  as  well  as  the  springs  of  the  lateral  buffers  being  compar- 
atively very  compressible,  the  wagons  of  a  train  form  masses  which  are  capable  of 
considerable  relative  movement  in  the  direction  of  the  length  of  the  train. 

All  these  disadvantages  have  long  been  recognized  by  the  engineers  of  the 
European  and  American  railways. 

But  whereas  the  obstacles  which  the  European  coupling  puts  in  the  way  of  the 
solution  of  these  problems  are  almost  insurmountable,  the  automatic  coupling 
enables  American  engineers  to  solve  them  in  a  simple  and  neat  way  by  the 
arrangement  known  as  the  "  Platform  Equipment  ". 

The  following,  then,  are  my  conclusions  : 

I  *>  In  the  case  of  passenger  carriages,  the  question  of  the  application  of  American  couplers  seems 
to  be  easier  to  solve,  as  their  number  is  much  smaller  than  that  of  goods  wagons,  and  the  service 
is  much  more  regular; 

29  The  transition  systems  examined  for  goods  wagons  are  equally  suitable  for  carriages.  But 
any  arrangement  with  considerable  overhang  is  not  to  be  recommended,  for  the  reasons  explained 
in  the  report; 

3®  In  the  case  of  new  carriages,  equipment  with  spring  vestibules  offers  essential  advantages 
from  the  point  of  view  of  safety.  It  makes  the  carriages  run  more  smoothly,  it  counteracts  any 
shocks  due  to  badly  adjusted  continuous  brakes  and  offers  certain  guarantees  in  case  of  accident. 

The  President.  (In  French.)  —  One  matter  of  the  very  greatest  importance  with 
regard  to  these  couplings,  concerns  the  difficulties  that  may  arise  during  the  period 
of  transition  from  one  system  to  another. 

In  this  matter,  it  would  afford  us  much  pleasure  to  hear  how  the  substitution  was 
carried  out  in  America. 

Mr.  A.  W.  Oibbs,  reporter,  —  During  the  transition  period  in  America,  we  changed 
from  the  ordinary  link  and  pin  to  the  automatic  type  of  coupler.  The  link  and  pin 
had  been  standardized  previously  as  to  height,  there  being  a  recommended  height 
of  33  inches  from  the  top  of  the  rail  to  the  center  of  the  link.  The  automatic 
coupler  was  introduced  with  the  hook  moving  in  vertical  plane,  so  cut  out  on  the 
end  of  a  knuckle  as  to  take  the  same  link,  which  was  used  with  the  previous  link 
and  pin  coupler,  and  therefore  it  was  necessary,  in  coupling  the  ordinary  link  and 
pin  coupler  to  the  automatic  coupler,  only  to  guide  the  link  into  the  notch  of  the 
hook  and  drop  the  pin  down.  An  examination  of  the  tables  of  injuries  to  employees 
shows  that  this  transition  period  was  one  of  danger.    I  do  not  think  it  was  as 
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serious  a  problem  to  us  as  it  will  be  to  the  European  roads,  for  they  have  to  change 
from  the  vertical  hook  to  the  ht)ri2ontar  hook.  One  thing  has  developed  in  our  use 
of  the  automatic  coupliBrs,  and  that  is,  that  the  plane  of' the  coupler  should  be  as 
nearly  as  possible  the  plane  of  the  body  of  the  car,  as  it  has  Been  developed  very 
clearly  that  with  the  increased  strength  of  the  automatic  coupler,  the  roughness  Nvith 
which  trains  are  handled,  has  increased  fully  in  an  ecpial  ratio.  We  have*  had^  some 
disastrous  experiences  where  we  endfeavoured  to  use  the  coupler  much  below  the 
plane  of  the  body  of  the  car,  for  the  reason  that  with  the  eccentric  loading  that  is 
produced'  by  buffing,  the  siTls  buckle  from  compression  at  the  lower  edge  and  the 
whole  end  of  the  car  goes  down,  so  that  the  tendency  of  the  best  design  of  late  has 
been  to  make  the  center  sill  as  a  column  with  the  concentric  load^  or,  in  defeult  of 
that,  have  as  little  eccentric  loading  as  possible. 

1  neglected. tio  state  that  there  is  one  very  serious  difficulty  which  some  railroads 
have  to  face*.  Where  we  hav«  to.  go  across  the  tide- water,  thie  question  of  the  ver- 
tical anglfr  of  one  car  with  the  next  becomes  a  serious  one,  due  to  changes  of  tide. 
Owing  to  the  question  of  strength  and  the  fact  that  the  automatic  coupler  is  uni- 
versal, the  slot  in  the  knuckle  has  been  and  is  being  eliminated.  Where  there  is 
very  great  vertical  angularity,  such  as  going  on  float  bridges,  etc.,  it  is  a  question 
whether  we  shall  not  .have  a  serious  difficulty  in  maintaining  the  cars  coupled. 
Under  that  condition,  we  have  not  only  the  vertical  angle  of  the  two  couplers,  but 
also  the  vertical  sliding,  of  one  over  the  other,  producing  very  great  vertical  strains 
of  the  parts  attaching  the  couplers  to  the  cars.  I  believe  that  the  coupler  shown  on. 
the  platform  will  probably  cause  trouble  for  the  same  reason. 

Mr.  SabQuret,  French  Western.  Railway.  (In  French.)  —  I  should  like  to  ask 
American  engineers  whether  cars  still  frequently  become  uncoupled,  especially  on 
down  gradients.  Do  trains  often  part  owing  to  the  couplings  giving  way  in  climbing 

gradient? 

Mr.  J.  E.  Muhlfeld,  Baltimore  &  Ohio  Railroad.  —  With  quite  a  number  of  the 
automatic  couplers  that  were  put  into  service  at  the  beginning  of  the  transition 
period,  the  locks  that  secured  the  knuckles  in  the  closed  position  were  designed 
and  arranged  so  that  there  was  a  liability,  when  cars  were  brought  together  and 
shocks  took  place,  on  account  of  the  way  the  brake  was  handled,  or  on  account  of 
making  severe  stops  or  switching  in  yards,  of  the  locks  lifting.  I  think  that  was 
responsible  in  many  cases  for  trains  parting  on  the  line.  We  still  experience 
that  trouble  with  such  designs  of  couplers  now  in  service  on  cars,  although  every 
effort  is  being  made  to  remove  them.  That  design  was  followed  out  more  in  con*- 
iioetion  with  the  malleable  iron  couplers  which  \^Tre  first  made  use  of  in  connec- 
tion with  freight  cars.  The  later  cast  steel  couplers,  as  now  universally  used  on- 
80,000  and  100,000  pounds  capacity  cars,  have  been  designed'  so  that  there  is  a 
center  lift  of  the  knuckle  lock,  and  there  is  also  a  vertical  gravity  arrangement. 
Where  the  lock  moves  to  unlock  the  knuckle,  it  moves  in  an  upward  vertical  drree- 
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tion,  snflRcienU J  so  that  when  it  again  drops,  it  gives:  a  large  bearing  between  the 
knuckle  and  the  knuckle  lock,  and  requires  an  unusual  shock  to  lift  it.  About  the* 
only  ttoubte  we  have  experienced  with  the  unlocking  of  the  Ikter  designs  oPcou- 
pters,  is  where  locomotrves  are  ran  in  tandem.  The  distance  from  the  centres  of 
the  front  driver  wheel  to  the  front  of  the  pilot,  and  the  consiUepable  vibtatibn  of  the 
tender  when  Ibcomotives  are  coupled'  together;  in  curving  and*  in  going  through 
cros8M)ver  switches^  on  dotrblte  tracks,  causes  consiiterable  movement  at  the  coupler 
which*  semetixnes  results  in  the  locks  creeping  upv  even  with' the  couplers  of  ttve 
later  designs;'  and  we  have  practically'  come  to-  the  conclusion  on  the  Baltimore 
&  Ohio  Milroad,  that  unitess  we  can  secure  a  knuckle  lock  of  such  adjustment 
as. will  prevent  upward  creeping,  it  will  be  necessary,  on  locomotives,  to  go  to  the 
use  of  a  lock  which  is  maintained  in  position  by  a  spring,  the  same  as  vve  use  on 
passcBger  cars. 

For  freight  cars,  \ve  think  that  we  now  have  couplers  in  use  that  provide  for  all 
features  that  are  necessary  to  prevent  parting.  Ih  a  vertical  plane  cx)upler;  as 
Mr.  Gibbs  has  sta^,  there  are  quite  a  number  of  defects  which  still  remain  when 
it  comes^  to  severe  conditions,  such  as  moving  across  from  ftoats  to  the  permanent 
way,  and  vice  versa.  In  commercial  districts,  where  our  cars  are  equipped*  with 
automatic  couplers,  we  still  have  to  make  use  of  a  speeiial  de\ace  to  provide  for  the 
switching  of  these  cars  around  a  severe  degree  of  curvature;  because  there  is  not 
sufficient  flexibility  in  the  coupler.  We  have  somewhat  neglected  the  lattwai  move- 
ment of  the  drawbar  as  a  whole;  which  prevents  the  curving  of  cars' and  we  find, 
cars  still  have  a  slight  tendency  to  derail  on  sharp  curves.  OP  course,  that  does  not 
apply  on' the  main  line,  because  any  degree  of  curvature  on  the  main  line  of  the 
road  can  be  taken  care  of  by  the  vertical  plane  couplers,  even  when  they  are  new 
and  in  a  tight  condition,  provided  sufficient  lateral  motion  is  given  to  the  coupler  at 
the  end  sill  of  the  car.  We  have  had  cases^  where  the  center  of  the  truck  has-been 
placed  loo  far  from  the  end  sill  of  the  car,  and  the  coupler  was  not  given  sufficient 
lateral  movement,  which  has^caused  a  number  of  derailments  on  sharp  curves,  but 
where  the  centerof  the  truck  is  kept  well  ahead  towards  the  end  of  the  car  and  about 
an  inch  of  lateral  movement  given  to  the  coupler  at  each  side  of  the  shank,  we  have 
not  experienced  that  difficulty. 

Mt.  Petri,  German  Government.  (In  German.)  — I  may  say  that  in  Germany 
experiments' on  a  considerable  scale  have  been  made  in  recent  years  with  automatic 
couplers,  as  Mr.  Noltein  reports  in  his  paper.  The  purpose  of  these  experiments 
was  twofold  —  first,  it  became  necessary  to  strengthen  our  couplings,  and  secondly, 
it  has  been  found  necessary  to  prevent  the  many  accidents  which  occur  on  account 
of  the  necessity  of  the  train- people  having  to  stand  between  the  cars  to  couple  and 
uncouple,  which  we  hope  to  avoid  entirely.  According  to  the  general,  opinion 
expressed  by  the  Association  of  German  Railway  Engineers,  the  construction  of 
an  automatic  coupler,  according  to  the  American  type,  is  considered  very  good 
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and  suitable  for  this  purpose,  although  it  involves  a  very  material  increase  of 
weight. 

Generally,  in  our  country,  we  are  of  opinion  that  there  are  two  principal  diflScul- 
ties  connected  with  the  subject.  The  first  one  is  how  to  get  over  the  time  of  tran- 
sition —  the  period  during  which  the  couplers  are  being  applied  —  while  you  have 
the  cars  with  the  old  style  of  coupler  and  cars  with  the  new  style  of  automatic  cou- 
pler. The  second  question  is  about  the  shape  of  the  two  heads  of  the  coupler,  how 
these  two  pieces  shall  come  together  —  the  shape  of  this  connecting  piece  is,  of 
course,  of  the  greatest  importance.  There  is,  for  instance,  one  proposition  made 
that  the  shape  shall  be  in  the  form  of  a  hook  —  figure  20,  on  page  64,  of 
Mr.  Noltein's  report  {*)  — ,  but  this  form  is  not  yet  accepted.  There  are  still  going 
on  experiments  in  Germany  with  different  forms,  and  the  question  is  which  form 
would  be  the  best  and  which  form  is  to  be  adopted  definitely.  Mr.  Gibbs  has  given 
details  about  the  newest  M.  C.  B.  contour,  which  was  applied  in  America  in  1904, 
on  page  72,  figure  7,  of  his  report  (*). 

It  is  of  particular  importance  to  consider  which  level  for  the  automatic  coupler 
is  preferable,  whether  to  arrange  it  on  the  same  level  as  the  present  hook  for  coup- 
ling, or  whether  to  arrange  it  at  a  lower  level.  Therefore,  experiments  have  been 
made  in  this  line  and  they  are  still  going  on. 

The  -Association  of  Railways  in  Germany  and  Austria  have  lately  resolved  to 
arrange  a  great  number  of  new  experiments  in  this  direction  on  all  the  preceding 
questions,  that  is  to  say,  to  try  the  different  shapes  of  hooks,  and  to  try  different 
levels  of  hooks  —  to  try  the  hooks  on  the  same  level  as  the  old  hook  and  at  a  lower 
level  than  the  existing  hook  —  and  to  try  how  to  get  over  the  time  of  transition. 

The  question  of  the  interior  mechanism  for  coupling  and  uncoupling,  is  of  course 
also  of  great  importance,  and  the  newest  designs  which  are  used  in  America  give 
very  excellent  examples  of  it.  Experiments  in  this  direction  are  also  going  on  in 
Germany.  The  main  point  which  we  have  in  mind  is  to  do  away  entirely  with  the 
necessity  of  train  men  standing  between  the  cars  which,  with  some  of  the  American 
shapes,  could  not  be  avoided  entirely.  Therefore,  if  we  introduce  a  coupler, 
according  to  the  American  type,  we  want  to  adopt  only  such  a  construction  as  will 
do  away  entirely  with  the  necessity  of  train  people  standing  between  the  cars. 

We  are  very  well  aware,  also,  that  lately  experiments  have  been  carried  out  in 
France,  for  instance  with  the  Boirault  coupler,  and  also  in  other  European  countries. 
This  is  interesting  and  important  to  us,  as  we  have  been  considering  the  question  of 
finding  out  the  best  construction  oC-an  automatic  coupler  uninterruptedly.  In 
Europe,  this  question  has  a  particular  international  importance,  because  in  my 
opinion  we  are  obliged  to  adopt  shapes  which  will  be  adopted  internationally  with 
reference  to  correspondence.    As  we  have  many  cars  running  through  the  different 


(*)  Vide  Bulletin  of  the  Railway  Congress,  No.  1,  January,  1905,  p.  208. 
(2)    —         —  —  —  —  _  _     p.  294. 
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European  countries,  the  shapes  which  are  to  be  adopted  by  us,  or  any  other  company, 
must  be  adopted  by  the  different  States,  otherwise  it  would  not  be  of  any  value. 
We  think  the  question  is  very  important,  and  I  ask  the  gentlemen  present  if  they  have 
made  satisfactory  experiments  with  any  new  constructions  of  automatic  couplers  — 
according  to  the  American  or  to  any  other  type  —  to  publish  them  as  soon  as 
possible,  in  order  to  make  it  possible  to  try  these  designs.  We  should  be  very  much 
interested  in  securing  all  the  possible  information  we  can  on  the  subject,  and 
I  should  be  very  thankful  if  any  representative  of  any  of  the  European  railroads,  could 
give  me  information  about  any  trials  or  experiments  which  are  going  on  in  this 
direction. 

Mr.  Boell,  pHndpal  secretary.  (In  French.)  —  Mr.  Petri  has  mentioned  the  Boirault 
coupling  which  is  now  being  tried  in  France.  I  should  like  to  say  a  few  words 
about  it. 

The  Boirault  coupling  has  been  specially  devised  so  as  to  alter  as  little  as  possible, 
or  even  not  to  alter  at  all,  the  construction  of  European  wagons.  It  can  be  seen  in  the 
extremely  interesting  reports  published  on  this  subject,  and  Mr.  Noltein  has  recently 
recalled  the  point  once  more,  that  the  application  of  American  couplings  to 
European  wagons  would  mean  a  considei^able  increase  in  their  dead  weight  and 
involve  somewhat  costly  modifications  in  the  bodies  of  the  trucks.  The  expenditure 
might  amount,  if  I  am  rightly  informed,  to  no  less  than  1,200  marks  (£60)  per 
vehicle,  which  is  no  small  sum. 

Mr.  Boirault*s  invention  results  in  avoiding  this  expense  and  also  enables  the 
transition  to  take  place  in  a  few  minutes,  one  might  say,  and  with  almost  no  labour. 
Without  the  help  of  a  model  and  a  drawing,  1  find  it  very  difficult  to  give  a  satisfac- 
tory description  of  this  appliance  which  works  exceedingly  simply.  Any  who  are 
interested  in  it  can,  however,  find  a  full  description  of  it  in  the  Organ  fur  die 
Fortschritte  des  Eiaenbahnwesens,  Another  description,  but  rather  a  bad  one,  will  , 
be  found  in  the  French  Revue  technique.  The  appliance  is  now  being  shown  at  the 
Li^ge  Exhibition,  where  many  of  you  will  have  an  opportunity  of  seeing  it.  i  shall, 
moreover,  be  very  pleased  to  show  anybody  who  likes,  the  working  of  this  coupling 
in  France,  and  I  believe  the  Railway  Age  intends  to  publish  a  short  description  of  it 
before  the  Congress  closes.  ( Vide  Appendix  II.) 

The  apparatus  itself  consists  of  a  horizontal,  nearly  rectangular  extensible  frame. 
The  frame  consists  of  one  relatively  fixed  part  hung  from  the  eye  of  the  drawhook, 
and  carries  two  slides  on  which  two  links  which  carry  the  head  of  the  coupling 
can  move.  A  spiral  spring,  resting  on  the  coupling,  keeps  the  frame  extended  but 
allows  play  for  it. 

The  coupler  head  is  hung  on  slides  by  two  trunions.  Thanks  to  these  arrange- 
ments and  to  guides  suitably  disposed,  the  accurate  adjustment  of  the  coupler  heads 
is  assured  even  under  the  most  unfavourable  conditions. 

The  coupler  heads  really  form  a  lock  containing  two  bolts,  and  showing  outwardly 
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two  openings  and  two  projeding^  wings  *  of  D-shape  into?  which  the  correspondiiig 
bolts  can  take.  When  the  two  heads  come  i-n  contact,  thetwoD-shaped wings  take 
into  the  two  openings  and  the  two  bolts  automatically  take  into  the  two  wings. 
Thus  there  are  four  boltfe  which  secure  the  coupling,  and  consequently,  it  has  very 
great  strength. 

The  bolts  are  operated  by  a*  lever;  which  can  move  about  its  centrci  and  this  is 
operated  itself  through  the  spiral  spring  already  mentioned. 

This  spring  has  two  functions  :  it  tends  to  extend  the-  frame  and  its  torsional 
force  always  tends  to  keep  the  bolts  closed;'  but  there  is  acatdi  which  prevents  this 
closing  when  not  required,  and  which  rises  when  the  two  coupling  heads  come  into 
contact,  thus  causing  the  bolts  to  lock. 

All  that  is  required  for  uncoupling,  is  to  pull,  by  mefflfis  of  handles,  the  chains 
fastened  at  the  ends  of  the  lever  which  control  the  bolts. 

The  apparatus  is  kept  in  its  horizontal  position  by  means  of  a  bridle  which  hooks 
on  to  the  drawhook.  From  ten  to  fifteen'  seconds  are  enough  f6r  detaching  this 
apparatus  and  letting  it  drop  vertically,  and  then  the  old  coupling  can  be  used; 
this  tends  to  facilitate  greatly  operations  during  the  transition  period. 

For  several  years  experiments  have  been  carried  out  on  the  French  State  lines ; 
the  earliest  date  back  five  or  six  years,  but  for  two  years  only  has  the- coupling  been 
used  in  its  present  shape. 

A  certain  number  of  20-ton  Nvagons  have  been  fitted  with  it,  and  though  they  have 
been  subjected  to  the  most  arduous  tests,  the  appliance  has  never  failed  or  given  rise 
to  any  accident.  We  have  driven  the  wagons  into  one  another ;  we  have  succeeded 
in  bending  cross-pieces  anrd  buffers,  but  the  coupling  itself  has  never  been  injured  in 
any  way.  Similar  tests  have  been  carried  out  in  Bferlin  at  Tempelhof  and,  I  believe, 
with  similar  satisfactory  results. 

This  coupling,  therefore,  possesses  serious  interest  from  an  European  st^rndpoint. 
Each  weighs  from  60  to  80  kilograms  (i32  to  476  lb.)  which  is  an  insignificant 
amount.  The  cost  is  trifling,  and  transition  can  take  place  in  a  very  short  time. 
A  ministerial  circular  has  lately  been  sent  out  in  France  inviting  the  railway  com- 
panies to  test  this  apparatus  on  a  large  scale,  and  we  may  therefore  shortly  expect 
complete  results.  It  is  to  be  hoped  that  similar  trials  will  be  undertaiceTi  in  the 
different  countries  of  Europe  because  the  subject  is,  above  alfthings,  an  international 
question.  For  railways  that  connect  and  have  a  similar  gauge,  no  decision  can  be 
taken  individually.  It  is,  therefore,  desirable  that  some  general  decision  should  be 
arrived  at  in  this  respect. 

Mr.  Brissa,  French  Eastern  Kaihvay.  (In  French.)  —  I  should  like  to  meAae  a  few 
short  remarks  so  as  to  define  the  point  of  view  accepted  more  especially  by  the  traffic 
department  of  my  company  with  reference  to  adopting  automatic  couplings  some  day. 

As  Mr.  Petri,  representing  the  German  Government,  has  said,  the  subject  must 
necessarily  be  regarded  in  Europe  as  an  international  question.     It  can  never  be 
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settled  individually  for  stMjh  aiirf  sneh  nalicm  or  for  sucfc  and-  such  a  country, 
except  in  the  case  of  Russia  twKl  Spain  which  have  gauges  different  from  those*  of 
other  countries.  The  con^ant  a»d  necessary  interchange  of  rol  Wag  stock  between:  the 
different  countries  of  Europe  make  it  abeolnkely  essential  that  any  solutions  shall 
apply  to  all  these  countries. 

TTiere  is  another  point  more  of  a  fmaneial  nature  that  I  should  alst!)  like  to  bring 
forward.    It  concerns  the  transition  period. 

It  seems  to  me  that  any  railways  interested  in  the-  subject  must  necessarily  give 
the  preferemje  to  an  appacattis  the  fittings  of  which  could  be  prepared  beforehand, 
and  one  that  could  be  put  into  service  on  any  p^e-arranged  day.  The  introduction 
of  the  coupling  ought  to  be  instantaneous,  and  the  transition  period  would  thus  be 
virtually  abolished. 

Mr.  Sarre,  German  Government.  —  I  waut  to.  state  in  addition  to$  what  has  been 
said  by  Mr.  Petri,  that  I  have  seen  the  BoirauU  coupler  in  thcworkshop  at  Tempel- 
hof  near  Berlin,  where  Mr.  de  Dietrich  ol  Niederbronn  had  exhibited  two  wagons 
that  were  fitted  up  with  that  coupler.  From  what  we  saw  wo  had  the  impression, 
that  the  Boirault  coupler,  in  its  present  shape  and  dimensions,  is  not  constructed  as 
strongly  as  would  be  necessary  to  give  permajiently  satisfactory  results  in  point  of 
maintenance  and  heavy  work.  We  anticipate  thai  it  will  be  necessary  to  strengthen 
the  Boirault  coupler,  and  we  are  of  the  opLnioathat  it  will  have  in  its  definite  shape 
a  much  greater  weight  than  it  has  now,  and  in  consequence.it  will  be  much  more 
expensive  than  it  is  now.  The  Prussian  Railways  are  now  making  expfflriments. with 
Boirault  couplers.  We  would  be  glad  to  hear  of  experiences,  gained  by  other 
French  engineers  or  those  from,  other  countries  wiio  are  making  trials  of  this 
coupler,  as  to  the  general  opinion  of  it,  as  to  cost  of  maintenance  aad  its  application 
to  heavy  work. 

Mr.  Boell.  (In  French.) —  It  will  be  quite  easy  to  increase  the  strength  of  the 
Boirault  coupler  without  markeUy  increasing  its  weight,  and  in  any  case,  its  weight 
will  be  considerably  less  than  the  weight  of  the  M..  C.  B.  coupler, 

Mr.  LaureBt,  Orleans  Railway,  France.  (In  French.)  —  I  should  like  to  tell  you  my 
company's  views  on  automatic  couplings  with  special  reference  to  the  Boirault 
system. 

Until  the  Boirault  coupling  appeared,  not  a  single  test  of  any  automatic  coupling 
had  been  carried  out  in  France.  The  American  coupling  did  not  seem  to  us  perfect 
from  a  purely  technical  standpoint,  and  besides,  the  disadTantages  often' pointed  out 
and  especially  by  Mr.  Sabouret,  we  considered  that  the  application  of  this  American 
coupling  to  our  European  rolling  stock  would,  as  Mr.  Boell  has  said,  involve  expen- 
diture quite  out  of  proportion  to  the  object  in  view. 

It  was,  therefore,  with  much  interest  that  we  saw  appear  a  new  automatic  coupling 
which,  as  it  could  be  adapted  to  the  old  couplings,  rendered  it  possible  for  us  to 
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consider  seriously  the  question  of  introducing  automatic  couplings.  But  the  experi- 
ments which  have  been  carried  out  on  the  French  State  railways,  however  inter- 
esting they  may  be,  are,  properly  speaking,  merely  laboratory  experiments.  These 
tests  applied  to  ten  vehicles  only  and,  moreover,  the  cars  were  used  on  special 
service. 

The  tests  are  not  sufficient  to  decide  the  real  value  of  the  Boirault  coupling. 
There  are  many  questions  still  unanswered,  especially  the  one  just  asked  by 
Mr.  Sarre  :  Is  the  Boirault  coupling  strong  enough? 

In  France,  we  are  convinced  that  with  the  European  coupling  we  can  get  sufficient 
strength.  We  are  now  making  couplings  in  France  which  stand  a  maximum  pull  of 
55  tons  (54- 1  English  tons)  while  retaining  the  shape  and  arrangements  of  the  ordi- 
nary European  coupling.  It  is  not,  therefore,  impossible  that  the  Boirault  coupling 
can  be  constructed  of  equal  strength  and,  to  meet  requirements,  it  must  be  so  manu- 
factured.   But  the  matter  has  not  been  yet  worked  out. 

We  think  therefore,  that  further  tests  ought  to  be  made  and  my  company  proposes 
to  do  so.  We  are  of  opinion  that  the  question  of  using  automatic  couplings  is 
perhaps  not  so  urgent  as  it  was  in  America. 

American  rolling  stock  was  quite  differently  arranged  as  compared  with  European 
stock;  central  coupling  might  make  coupling  and  uncoupling  more  risky.  With 
our  lateral  coupling,  rendered  obligatory  by  the  Berne  Convention,  obliging  com- 
panies to  leave  a  certain  amount  of  room  for  the  man  whose  business  it  is  to  couple 
up,  it  appears  to  be  demonstrated  from  all  the  statistics  of  accidents,  drawn  up  very 
exactly  and  minutely  in  France,  that  we  did  not  have  as  many  coupling  accidents  as 
in  the  United  States. 

Nevertheless,  we  recognize  that  automatic  couplings  may  be  an  improvement. 
We  intend  to  take  much  interest  in  the  subject,  but  we  withhold  our  judgment  as 
to  whether  automatic  couplings  ought  to  be  adopted.  Above  all  things,  we  desire  to 
convince  ourselves  whether,  in  the  first  place  as  regards  accidents,  and  as  regards 
speed  in  shunting  and  economy,  automatic  coupling  is  likely  to  make  up  for  the 
enormous  cost  involved  in  its  adoption. 

To  sum  up,  we  intend  to  study  the  Boirault  coupling  further,  not  only  as  regards 
its  technical  value,  but  also  the  advantages  it  may  afford.  We  hope  that  later  on, 
after  the  trials  which  we  are  arranging  with  the  manufacturers  to  undertake,  we 
shall  be  in  a  position  to  publish  some  interesting  data. 

Mr.  Baltzer,  German  Government.  —  Am  I  right  in  understanding  the  number  of 
cars  which  have  been  equipped  with  the  Boirault  coupler  is  twenty?  That  would 
be  a  very  small  number,  indeed,  because  in  a  question  of  such  great  importance  the 
trial  must  be  made  on  a  large  scale;  and  for  that  reason,  as  has  been  stated,  the 
German  railroads  have  resolved  to  go  into  these  trials  on  a  large  scale,  and  to  try 
several  forms  of  couplers,  including  couplers  of  American  construction.  Therefore, 
I  think  it  would  be  a  very  good  thing  if  this  session  at  Washington  could  induce  all 
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the  railroads  in  Europe  which  are  interested  in  this  question  to  take  up  the  testing 
of  these  couplers.  I  would  ask  all  of  the  delegates  from  European  railroads,  as  far 
as  they  are  interested  in  this  question,  to  do  what  they  can  to  go  into  these  trials  on 
a  large  scale,  because  only  in  that  way  will  it  be  possible  to  get  results  of  any  value. 
I  think  we  should  be  very  grateful  if  the  present  session  of  the  International  Railway 
Congress  were  to  be  the  means  of  causing  these  trials  to  be  made  on  a  great  scale, 
and  I  hope  through  these  trials,  we  may  secure  a  coupler  which  will  answer  all  the 
purposes  for  which  a  coupler  is  designed. 

Mr.  Boell.  (In  French.)  —  The  tests  in  question  were  conducted,  not  on  twenty, 
but  only  on  ten  vehicles.  These  were  only  preliminary  experiments,  after  which  the 
matter  was  investigated  by  the  Railway  Technical  Committee,  connected  with  the 
Public  Works  Department.  Owing  to  the  extremely  favourable  report  issued  by  this 
committee,  the  minister  for  Public  Works  suggested  that  all  the  French  railways 
should  carry  out  experiments  on  a  large  scale,  and  these  will  obviously  cover  some 
hundreds  of  vehicles. 

Moreover,  negociations  were  undertaken  with  the  company  that  owns  the  Boirault 
patent,  and  when  I  left  Europe  nothing  remained  to  be  settled  except  the  question 
of  price. 

By  the  time  I  get  back  I  have  no  doubt  I  shall  find  that  an  agreement  has  been 
arrived  at,  and  we  shall  be  in  a  position  to  make  experiments  with  a  fairly  large 
number  of  cars. 

Mr.  E.  Fane-de-Salis,  North  Staffordshire  Railway,  Great  Britain.  —  I  should  like 
to  say  a  few  words  on  English  needs  and  experiences.  We  have  had  on  my  line  for 
the  last  three  years  two  trains  making  Stoke  their  head-quarters  fitted  with  the 
American  M.  C.  B.  couplers.  They  are  the  property  of  the  showmen,  Messrs.  Bar- 
num  and  Bailey,  and  our  experience  with  them  has  not  been  satisfactory.  Both 
our  oflScials  and  our  men  state  that  these  couplers  are  not  as  quick  in  action  nor  as 
safe  as  our  hook  and  eye  coupler.  They  are  sometimes  difficult  to  operate  and  often 
fail  to  couple  on  curves,  and  if  one  car  is  heavily  loaded  and  another  car  is  light, 
the  coupling  is  apt  to  jar  undone.  For  our  English  purposes,  we  want  a  coupler 
which  must  be  fairly  light,  which  must  not  be  expensive  and  which  must  be  capable 
of  use  with  wagons  either  with  spring  buffers  or  with  the  old  wooden  buffers. 
There  must  be  a  long  period  of  transition,  and  for  this  reason  —  in  such  a  district 
as  mine,  the  Midlands  of  England,  about  two-thirds  of  the  wagons  are  the  property 
of  private  traders. 

I  wish  to  draw  attention  to  one  statement  in  Mr.  Pettigrew's  paper,  in  what  was 
put  forward  as  his  conclusions,  but  which  is  a  quotation  from  a  report  made  in 
1899,  in  which  he  states  that  many  wagons  on  railways  are  fitted  with  stiff  couplings, 
to  uncouple  which  it  is  necessary  for  the  men  to  go  between  the  wagons.  That  may 
have  been  true  in  1899,  but  it  is  not  true  in  1905,  at  least  certainly  not  for  our 
Midland  districts.    I  might  also  say,  as  to  the  question  of  safety,  that  Mr.  Bonar 
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Law  was  rspeaking  quite  recently  in  Parliament  far  the  Board  of  Trade  on  IbU  ques- 
tion of  couplers,  and  Jae  stated  that  lie'CQukl  not  reoommend  at  present  the  ooih- 
pulsory  use  of  automatic  co«{)lers,  because  be  was  advised  by  his  officials  of  the 
Boavd  of  Trade  that  the  hook  and  eye  coupler  which  we  use  in  England  for  wagons, 
was  safer  than  tany  £o(cm  of  :automatic  coujpler  at  present  before  us.  I  may  say 
that  1  heard  with  .great  interest  tbe  descriptioii  of  ^  French  coupler  wbioh  was  given 
here,  and  I  should  much  like  an  opportunity  of  seeing  it.  We  have  not  yet  seen  it 
in  England. 

Xn  Petri.  (In  Gecmaa.> —  I  haveikaard  with  great  interest  the  experiences  which 
have  been  communicated  here  from  the  delegates  of  French  xaiiroads,  but  I  wish  to 
mention  that  other  countries  aJso  might  make  experiraeAts  with  good  constructions 
as  soon  as  passible.  It  is  my  opinion  that  the  BoirauJt  cou{>ler  is  only  in  its 
infancy,  and  it  is  not  possible  to  give  a  derfiaiite  judgment  about  it  now.  With 
reference  to  the  number  of  cars  which  have  been  fitted  with  the  ftoirault  coupler, 
I  beg  to  state  that  in  Germany,  many  hundreds  of  cars  have  been  tried  with  other 
automatic  coufitlers.  I  also  wisb  to  say  that  the  experiments  which  we  have  made 
with  American  couplings  ka:\'e  ^iveo  us  so  far  quite  satisfocfcory  results.  One  must 
not  forget  that  much  weight  should  be  attached  to  the  results  which  have  come  out  on 
the  trials  which  have  been  the  basis  of  American  couplings,  which  generally  give 
satisfactory  results'  here  in  the  United  States.  Therefore,  I  wish  to  point  out  that 
it  cannot  be  considered  that  the  Boirault  coupler  is  in  the  same  position  as  the 
American  couplers  which  have  been  tried  on  a  large  scale.  I  also  wish  that  other 
systems  may  be  tried  on  a  larger  scale.  In  that  case,  a  comparison  wfU  enable  one 
to  form  definite  ideas  on  the  subject. 

The  PmidMit.  (In  French.)  —  This  question  of  automatic  -couplings  is  certainly 
one  of  the  most  important  with  which  the  Congress  has  to  deal,  especially  from  the 
standpoint  of  its  possible  practical  results.  I  need  no  stronger  proof  than  the 
interest  you  bave  taken  in  this  discussion. 

But  we  shall  be  bound  to  cut  this  debate  short  so  as  to  finish  it  to-day.  We  have 
on  our  agenda  paper  other  questions  ^  groat  importance  likewise,  and  they  will 
similarly  give  rise  to  rather  lengthy  discussion. 

—  The  meeting  rose  at  1*2.20. 


Meeting  held  on  May  lO,  19A5  (altemoon). 


The  President.  (In  French.)  —  We  shall  now  continue  the  discussion  commenced 
this  morning.  Lieutenant-colonel  Yorke,  delegate  of  the  British  Government,  told 
me  that  he  wished  to  speak.    W^hile  awaiting  his  arrival  allow  me  to  remark  that  the 
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subject  of  this  discussion  caabcsubdivided  under  two  quite  separate  beads.  On  the 
one  band,  Ibere  is  tbe  subject  of  the  technical  details  of  the  autonaatic  coupler,  its 
resistance  and  iensile  stresses,  the  number  of  operations  requisite  for  its  use,  and, 
from  tbis  .latter  point  of  view,  different  solutions  may  be  recommended  according  to 
Ibe  arrangement  of  the  vehicles  and  local  circumstances. 

Tiie  second  part  of  the  subject,  which  has  not  yet  Jbeen  touched  upon  and  which 
is,  nevertbeJess,  the  one  which  dominates  the  question,  is  the  security  offered  in 
coc^pling  and  uncoupling. 

This  is  not  a  matter  of  opinion,  but  really  a  question  of  statistics,  and  it  is  to  be 
hoped  that  we  shall  get  some  exact  figures  upon  this  side  of  the  question. 

Ita|]g)earsa8if  there  were  a  tendency  to  regard  non-automatic  systems  in  g^eral 
as  extremely  dangerous.  This  view  has  arisen,  perhaps  erroneously,  by  confusion 
with  the  old  American  couplings  which  did  give  rise  to  many  accidents. 

This  matter  of  statistics  deserves  careful  attention,  and  it  is  to  be  sincerely  hoped 
that  we  shall  receive  information  on  tbe  subject. 

By  subdividing  the  discussion  in  this  manner  we  shall,  moreover,  be  able  to  draw 
up  our  conclusions  more  .definitely. 

Mr.  Asselin,  French  Northern  Railway.  (In  French.)  —  As  at  present  advised,  there 
are  some  reservations  I  feel  bound  to  make  on  behalf  of  the  Northern  of  France  with 
reference  to  the  application  of  automatic  couplings. 

The  company  founded  to  manufacture  and  extend  the  use  of  automatic  couplings 
intended  to  avoid,  as  far  as  possible,  the  accid?ents  to  which  the  men  who  have  to 
go  between  the  buffers  to  connect  afnd  disconnect  vehicles,  are 'daily  liable^ 

Obviotisly,  the  accidents  which  bccur  •desei've  most  careful  attention  and  the 
greatest  solicitude  on  tbe  part  of  railway  companies.  Ht  is  a  question  of  humanity 
as  much  as  of  professional  duty. 

As  regards  the  Northern  of  France  Company,  we  have  for  several  years  past  most 
attentix'ely  and  carefully  tried  to  find  out  how  many  accidents  of  every  kind  have 
taken  place,  and  also  to  determine  their  causes,  so  that  by  rccogniznig  the  exact 
cause  we  should  be  enabled  to  do  all  we  can  to  abolish  it,  or  at  least  to  render  its 
recurrence  unlikely. 

For  the  year  1904,  for  instance,  we  found  that  oot  of  100  accidents  occuring  to 
the  statf,  5-29  were  due  to  lack  of  regard  for  the  general  regulations; 

18*79  were  due  to  want  of  observing  the  local  safety  signals  Teferred  to  hereafter; 

59-83  were  due  to  lack  of  skill  or  imprudence  on  the  part  of  the  sufferers; 

16'03  were  due  to  various  chance  causes. 

We  further  discovered  'that  the  accidents  to  the  men  were  more  frequent  amongst 
recent  employees  who  had  only  seen  five  or  six  years  of  service  at  most.  In  view 
of  this,  we  undertook  a  strenuous  campaign  in  order  to  do  away  with  the  causes  of 
these  accidents.  We  insist  most  strictly  upon  the  regulations  being  ohserved ;  we 
established  at  each  station  a  special  signalling  staff"  to  draw  the  men's  attention  to 
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the  points  and  the  times  at  which  owing  to  its  greater  difficulty  the  service  demands 
greater  precaution;  we  instruct  our  men,  and  more  especially  the  newcomers,  with 
regard  to  the  precautions  they  must  take  to  protect  themselves  from  accidents,  and 
we  most  carefully  supervise  the  new  as  well  as  the  old  employees  to  see  that  they 
observe  these  precautions.  Accordingly,  we  do  not  hesitate  to  fine  men  for  neglect- 
ing these  precautions,  even  if  no  bad  consequences  follow  such  neglect,  even  if  a 
man  is  zealous  enough  to  want  to  carry  out  an  operation  more  quickly  by  avoiding 
the  loss  of  a  moment  but  in  doing  so  fails  to  realize  that  the  small  saving  in  time, 
for  instance,  that  he  desires  to  effect,  is  not  worth  the  risk  to  which  he  is  exposing 
himself. 

This  regular  campaign  has  been  really  efficacious ;  for  the  number  of  accidents  to 
employees  which  in  1903  amounted  to  921  (^),  of  which  45  were  fatal,  fell  in  1904 
to  762,  of  which  32  were  fatal,  a  decrease  of  nearly  18  per  cent  as  compared  with 
1903. 

But  of  these  numbers,  still  excessive,  which  we  are  doing  our  best  to  reduce, 
what  proportion  occured  during  coupling  or  uncoupling  which  might  perhaps  be 
modified  by  the  use  of  automatic  couplings?  In  order  to  answer  this  question,  we 
have  examined  one  by  one  the  records  of  accidents  since  1898,  and  comparing  them 
with  the  above  figures,  we  find  no  more  than  29  accidents  in  1903  —  two  of  which 
were  fatal  and  20  accidents  in  1904,  with  (since  1898)  an  average  of  27  accidents 
per  annum  of  which  less  than  three  were  fatal. 

It  will  be  noticed  that  the  percentage  of  accidents  due  to  couplings  (barely  4  per 
cent)  is  quite  trifling  as  compared  with  that  due  to  other  causes  and  that,  under 
those  circumstances,  our  energy  must  be  concentrated  upon  the  96  per  cent  due  to 
all  the  other  causes,  because  it  is  here  that  we  can  do  much  in  saving  life. 

But  we  have  gone  a  step  further,  and  we  have  compared  our  returns  with  those  of 
the  United  States,  which  clearly  demonstrate  the  happy  results  following  the  use  of 
automatic  couplings  from  the  standpoint  of  the  safety  of  the  staff.  We  have  seen 
that  on  the  Northern  Company's  line,  we  had  on  the  average  27  accidents,  of  which 
less  than  3  (exactly  2*6)  were  fatal,  per  annum.  Compared  with  the  total  number 
of  men  employed,  that  works  out  per  100,000  men,  57  accidents  of  which  5*5  were 
fatal.  In  America,  the  ofp.cial  returns  per  100,000  men  give  243  accidents  of  which 
16  were  fatal. 

We  are  far  behind  this  figure  with  our  double  buffers  and  our  non-automatic 
coupling,  and  It  wifl  be  easily  understood  how  loth  we  are  to  make  an  experiment 
with  so  little  encouragement. 

But  there  is  another  point.  Our  company  connects  directly  and  consequently 
exchanges  vehicles  with  the  whole  of  continental  Europe,  except  Russia  and  Spain, 
which  have  a  different  gauge  from  ours.    Now,  to  get  the  full  benefit  from  auto- 


(*)  It  is  to  be  noted  thaWs  the  smallest  accident  must  be  returned,  a  very  large  number  of  trifling 
accidents  is  included  in  the  figures  given. 
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matic  couplings,  they  would  have  to  be  universal  and  interchangeable  and  the  tran- 
sition period  which  lasted  not  less  than  seven  years  in  America,  as  we  have  been  told 
by  one  of  the  reporters,  is  a  particularly  trying  lime  so  far  as  the  safety  of  the  men 
is  concerned.  How  many  human  lives  would  be  sacrificed  during  this  period  and 
how  many  would  be  saved  subsequently  considering  the  figures  I  have  given  you? 
This  is  the  question  we  are  asking  ourselves,  and  our  opinion  is  that  the  balance 
rests  with  the  disadvantages. 

We  think,  therefore,  that  much  reflection  is  essential  before  travelling  in  this 
direction.  If  investigations  or  experiments  are  carried  out,  we  shall  not  fail  to 
follow  them  with  much  interest,  but  we  feel  obliged  to  pause  until  we  know  for  cer- 
tain what  conclusions  will  be  reached. 

The  President.  (In  French.)  —  Gentlemen,  you  have  just  listened  to  some  statis- 
tics with  reference  to  the  safety  of  employees  on  the  Northern  of  France  Railway. 
Cannot  some  one  give  us  similar  data  for  other  countries  or  other  companies  in  this 
matter  of  safety,  which  is  the  very  foundation  of  the  proposals  in  favour  of  adopting 
automatic  couplings? 

Mr.  W.  Mcintosh,  Central  Railroad  of  New  Jersey.  —  The  old  link  and  pin 
couplers  required  careful  handling  of  the  cars  in  order  to  allow  the  switchmen  or 
brakemen  to  make  the  connections.  Since  the  introduction  of  automatic  couplers, 
but  little  attention  is  given  to  careful  handling  of  the  c^rs,  the  result  being  that  it 
has  been  found  necessary  to  strengthen  the  sills  and  parts  of  the  cars  to  which 
the  couplers  are  attached.  Cars  are  handled  now  very  carelessly  and  the  intro- 
duction of  the  automatic  features  on  European  lines  will  bring  about  the  same 
troubles  there.  When  the  first  automatic  couplers  of  the  vertical  plane  type  were 
being  applied  in  the  United  States,  the  equipment  then  used  was  much  lighter  than 
it  is  at  present,  the  cars  being  40,000,  50,000  and  60,000  pounds  capacity,  and 
many  of  the  couplers  that  were  applied  to  this  equipment  were  of  the  malleable 
class  and  much  lighter  than  we  are  using  at  present.  During  the  past  ten  years, 
there  has  been  practically  a  revolution  in  the  weight  of  equipment.  We  have 
during  this  period  increased  the  capacity  of  the  cars  to  60,000  and  80,000  and 
100,000  pounds.  This  has  called  for  much  stronger  couplers,  and  we  are  now 
using  steel  almost  exclusively,  and  the  sections  are  made  larger  than  formerly. 
Naturally,  with  many  of  the  small  capacity  cars  still  in  service  with  the  lighter 
couplers,  there  have  been  failures.  But  notwithstanding  this,  there  has  been  a  very 
evident  diminution  in  the  number  of  failures,  until  at  the  present  time,  it  is  an 
unusual  occurrence  to  have  a  failure  of  any  kind  with  the  couplers  in  passenger 
equipment.  The  failures  in  freight  service  are  decreasing  rapidly,  and  are  more 
attributable  to  carelessness  in  handling  the  cars.in  shunting  than  to  any  strains  that 
are  applied  to  the  cars  in  their  natural  movement  along  the  line. 

Mr.  J.  E.  Muhlfeld.  —  Mr.  President,  I  have  no  statistics  as  to  the  failures  of 
V.  XI  85 
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couplers,  or  the  security  from  personal  injury,  with  the  automatic  type  as  used  in 
the  United  States  but  from  the  fact  that  the  tonnage  handled  in  the  United  States,, 
during  the  past  ten  years  has  almost  doubled  in  freight  service,  and  as  there  has^ 
been  a  large  increase  in  the  number  of  passengers  handled  and  trains  moved,  this  in 
comparison  with  the  yearly  records  of  personal  injuries  would  indicate  that  there 
has  been  a  decided  advantage  through  the  use  of  the  M.  C.  B.  type  of  coupler. 
When  this  coupler  was  first  put  into  use  the  general  run  of  cars  were,  as 
Mr.  Mcintosh  states,  from  40,000  to  60,000  pounds  capacity,  and  since  that  time, 
with  the  development  of  the  coupler,  there  has  been  a  radical  increase  in  the 
capacity  of  the  cars,  these  running  now  from  60,000  to  in  some  cases  120,000,  the 
majority  being  100,000  pounds  capacity.  The  first  couplers  put  in  service  were 
of  malleable  iron  and  the  design  was  such  as  would  permit  of  the  opening  and 
closing  of  the  knuckle  only.  The  couplers  now  in  use  are  of  cast  steel  and  they  are 
designed  so  as  to  admit  of  several  additional  operating  features  that  are  necessary 
for  the  present  requirements.  With  the  gravity  system  of  classifying  cars  in  yards, 
it  is  necessary  to  have  a  means  for  lock-setting  which  will  permit  of  the  switchmen 
lifting  the  lock  of  the  coupler  when  two  cars  are  actually  in  contact,  so  that  later  on, 
when  the  cars  pass  over  the  hump,  it  permits  them  to  part  without  any  further 
operation.  The  lock-set  has  been  developed,  and  with  it  a  method  has  been 
devised  for  releasing  it.  That  is,  in  case  two  cars  are  coupled  together  and  the 
switchman  makes  a  mistake  by  lifting  the  lock  and  later,  finds  out  tliat  he  doesn't 
want  to  uncouple  those  cars,  he  can  go  back  and  release  the  lock  set  without  pulling 
the  cars  apart  and  again  recoupling  them.  Besides,  the  present  couplers  are 
designed  so  that  when  the  knuckle  is  opened  it  is  automatically  thrown  out,  so  there 
is  no  necessity  for  the  switchmen  or  brakeman  to  go  between  the  cars  or  right  in 
front  of  a  car,  and  this  was  not  the  case  with  the  couplers  as  originally  designed. 
We  now  have  in  the  majority  of  couplers  the  central  lift;  that  is,  the  lifting  ©f  the 
knuckle  latch  is  from  the  center  draught  line,  whereas  in  a  great  many  old  makes 
of  couplers  this  was  from  one  side  of  the  coupler,  and  there  was  a  good  deal  of 
difficulty  experienced  on  that  account  due  to  the  coupler  head  lateral  movement. 
The  coupler  designed  to-day,  also  permits  of  automatic  unlatching  of  the  knuckles 
in  the  event  that  the  draught  gear  becomes  detached  from  the  underframe  of  one 
or  both  of  the  cars  coupled,  and  which  prevents  a  coupler  from  being  pulled  out  and 
thrown  on  the  track.  This  was  a  feature  not  contained  in  the  old  couplers,  and 
which  was  responsible  for  a  great  many  accidents  that  now  seldom  occur.  Take  it 
all  the  way  through,  the  M.  C.  B.  coupler  as  to-day  designed,  and  as  it  has  been  used 
for  the  last  two  or  three  years,  is  very  well  adapted  to  the  modern  conditions  of  the 
American  railroads,  and  there  is  no  reason  why  if  properly  attached  to  the  cars, 
with  a  good  substantial  type  of  draught  gear,  we  should  have  the  same  trouble  as 
we  did  when  the  coupler  was  first  brought  out,  except  where  cars  of  the  lighter 
capacity  and  the  heavier  capacity  are  coupled  together.  In  those  cases,  it  is  usually 
the  failure  of  the  draught  attachments  and  not  the  coupler  itself  that  is  responsible. 


Digitized  by 


Google 


—  1281  — 

Now,  with  regard  to  the  points  that  Mr.  Petri  this  morning  brought  out  relative 
to  the  contour  of  the  knuckle,  the  contour  that  was  adopted  last  year,  the  M.  C.  B. 
contour,  is  more  favourable  than  the  previous  one.  The  knuckle  contact  faces  before 
were  made  rather  flat  instead  of  recessed  in  order  to  give  a  good  bearing.  As  this 
part  of  the  knuckle  wore  away,  during  rainy  weather,  and  especially  on  heavy 
trains,  the  knuckles  would  tend  to  slip  past  each  other  on  straight  track.  That 
occurred  when  the  conditions  were  most  favourable  for  parting,  and  where  the  locks 
would  not  open,  the  couplers  would  part,  due  to  lost  motion  at  the  pivot  pin,  wear 
at  the  knuckle  face,  and  wear  at  the  bearing  between  the  knuckle  and  the  lock. 
That  has  been  largely  overcome  by  the  new  contour,  which,  while  it  gives  a  little 
recess  to  prevent  the  pulling  of  the  knuckles  past  one  another,  at  the  same  time 
does  not  produce  a  shearing  stress,  and  does  not  reduce  the  area  of  knuckle  contact 
to  such  an  extent  as  would  cause  failure  of  the  knuckles  at  that  point.  With  the 
type  of  hook  knuckle  that  has  been  proposed,  for  our  service  with  the  heavy  trains 
and  heavy  capacity  cars,  we  feel  that  the  point  of  contact  will  be  too  small  and  there 
will  be  a  liability  for  shearing  and  breakage  over  that  which  will  occur  with  the 
present  design.  In  addition  to  this,  in  the  present  good  designs  of  couplers,  the 
tendency  is  that  as  wear  takes  place  at  the  pivot  pin  and  between  the  lock  and  the 
knuckle,  it  increases  the  bearing  surface  between  the  lock  and  the  knuckle  instead 
of  decreasing  it.  In  the  first  design  of  couplers,  there  was  a  great  tendency  when 
wear  took  place,  to  reduce  the  bearing  surface  between  the  knuckle  and  the  lock,  and 
which  gradually  permitted,  under  excessive  strain,  the  opening  of  the  knuckle 
without  the  lock  lifting,  but  in  the  majority  of  the  present  designs,  as  the  coupler 
wears,  the  area  of  the  surface  and  contact  between  the  knuckle  and  the  lock  increa- 
ses, instead  of  decreases,  which  should  overcome  that  difficulty.  1  think  that  with 
the  exception  of  the  draft  attachments,  and  by  giving  the  couplers  in  use  to-day  a 
sufficient  amount  of  lateral  movement  at  the  end  sill,  the  Master  Car  Builders* 
coupler  meets  the  present  requirements  about  as  well  as  an  automatic  coupler  can. 
The  weight  of  our  present  couplers  for  freight  service  averages  about  2S0  pounds  for 
cast  steel,  and  for  passenger  service,  about  17S  pounds,  for  malleable  iron.  That 
weight  includes  the  increased  length  and  size  of  shank  to  admit  of  the  use  of  the 
improved  types  of  draft  gear,  etc.,  and  the  couplers  to-day  will  stand  a  tensile  strain 
of  from  300,000  pounds  upward,  which  is  more  than  adequate  for  any  requirements 
either  in  switching  or  in  handling  trains  over  the  line.  In  the  development  of  the 
automatic  coupler  for  foreign  railways,  while  you  have  not  the  same  car  construc- 
tion, it  seems  to  me  that  a  bracket  arrangement  of  securing  the  coupler  to  the  end 
of  the  car,  and  the  use  of  springs  to  take  up  the  compressive  and  the  pulling  stresses, 
could  be  worked  out  td  good  advantage  with  the  M.  C.  B.  type,  and  at  the  same  time 
come  within  the  limits  of  your  buffer  clearances,  that  is,  the  distance  from  the  end 
of  the  buffer  when  it  is  under  compression  and  the  end  sill  of  the  car. 

Of  course,  an  M.  C.  B.  design  of  coupler  for  a  car  of  20  tons  capacity  can  be 
made  very  much  lighter  than  the  coupler  such  as  we  use  for  a  car  of  100,000  capa- 
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city,  and  which  must  be  designed  so  that  you  can  switch  those  cars  over  hump 
yards  and  at  the  same  time  operate  them  automatically.  The  very  fact  that  the 
switchmen  are  not  now  required  to  go  between  cars  to  effect  couplings  should 
confirm  that  we  must  have  less  liability  to  personal  injury.  With  the  old  method 
of  coupling,  it  necessitated  a  man  going  between  the  cars,  whereas  with  the  present 
coupling  that  is  not  done  and  it  is  not  necessary.  While  in  a  great  many  cases  we 
have  brakemen  ride  those  cars  in  hump  yards  where  they  are  classified,  and  see  that 
the  impact  is  not  severe,  or  so  great,  so  as  to  result  in  damage,  yet  that  is  not  the 
general  rule,  and  the  cars  are  switched  over  humps  of  considerable  gradient  and 
left  to  go  down  in  the  yard,  and  the  impact  is  depended  upon  to  couple  the  cars 
into  trains. 

Lieutenant-colonel  H.  A.  Torke,  Board  of  Trade,  Great  Britain.  —  1  have  to  apolo- 
gise to  you,  Sir,  for  being  late  in  coming  before  you,  but  circumstances  over  which 
I  had  no  control  and  engagements  of  the  utmost  importance  detained  me  down 
stairs.     I  hope  that  you  will  pardon  my  delay. 

I  appear  before  you  as  a  student  and  not  as  an  instructor.  I  do  not  propose  to 
occupy  your  time  to  any  degree,  except  to  ask  one  question.  In  England  we  have 
before  us  two  problems  at  the  present  time  which  are  engaging  a  great  deal  of 
attention.  One  is  that  of  automatic  coupling.  The  introduction  af  an  automatic 
coupling  suitable  for  our  freight  stock  is  of  great  importance.  The  other  is  the 
building  of  our  freight  stock  with  the  automatic,  continuous  brake.  Those  ques- 
tions seem  to  me  to  be  very  intimately  connected.  The  object  of  an  automatic 
coupling  is  principally  to  prevent  the  necessity  of  the  railway  employees  going 
between  the  wagons  in  order  to  couple  them  together.  In  England,  we  are  able  at 
the  present  time  to  render  it  unnecessary  for  men  to  go  between  the  wagons  to 
couple  them  together,  by  the  use  of  the  coupling  stick  which  is  an  article  of  every 
day  use  throughout  the  railways  of  England.  I  therefore  do  not  propose  to  dwell 
upon  that  subject  at  the  present  time.  But  it  is  no  use  rendering  it  unnecessary 
for  a  man  to  go  between  the  wagons  to  couple  them  together  if  he  subsequently 
has  to  go  between  the  wagons  to  couple  the  brake  pipes  together;  and  what  I  am 
anxious  to  learn  is  what  the  experience  in  America  has  been  as  regards  the 
automatic  coupling  of  brake  pipes.  1  have  seen  some  inventions  at  the  Wash- 
ington exhibition  (and  in  fact  I  have  seen  them  on  previous  occasions),  which 
automatically  couple  together  the  brake  pipes  and  any  other  pipes  that  may  be 
necessary  to  run  through  the  train.  Whether  those  appliances  have  yet  got 
beyond  the  experimental  stage,  I  do  not  know,  and  I  should  be  very  glad  to  receive 
any  information  on  that  particular  subject,  it  being  one  which  undoubtedly  will  have 
a  (!onsiderable  bearing  upon  the  question  of  the  adoption  of  automatic  couplings 
in  Great  Britain. 

The  President.  (In  French.)  —  Could  anybody  give  Colonel  Yorke  the  information 
he  requires? 
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Mr.  J.  E.  Muhlfeld.  —  Mr.  President,  Colonel  Yorke  has  stated  that  the  applica- 
tion of  the  automatic  coupler  is  mainly  to  prevent  personal  injury  to  employees. 
I  agree  with  him  that  that  is  the  principal  reason  for  their  application.  Another 
reason  is  to  facilitate  the  switching  out  and  handling  of  cars  at  terminals,  and  espe- 
cially at  classification  yards.  With  the  introduction  of  hump  yards  and  gravity 
systems  of  handling  cars,  the  terminal  delay  to  trains  that  must  be  switched  in  order 
to  make  solid  trains  for  certain  destinations,  has  been  very  materially  reduced.  It 
is  now  practicable  to  classify  incoming  trains  and  divide  them  into  groups  of  trains 
for  five,  six,  seven  or  more  destinations  in  probably  one-quarter  of  the  time  that  it 
took  to  classify  similar  trains  with  the  old  methods  when  we  had  the  non-automatic 
couplers.  That  is  for  the  reason  that  an  entire  train  as  it  arrives  in  the  yard  is 
immediately  picked  up  by  a  switching  locomotive  and  pushed  over  the  hump  and 
the  scale  tracks,  and  the  cars  are  distributed  automatically  to  the  different  banking 
tracks.  Whenever  we  get  a  train  of  cars  on  any  banking  track  of  the  maximum  that 
can  be  taken  out,  a  road  engine  is  coupled  to  that  train,  and  they  cut  off  whatever 
tonnage  can  be  hauled  and  go  out  with  it,  and  the  process  of  switching  still  conti- 
nues. Now,  the  method  of  coupling  cars  together,  in  my  opinion,  is  entirely 
different  from  the  method  of  coupling  the  brake  and  signal  and  steam  pipes.  When 
cars  are  coupled  together,  either  both  or  one  of  the  cars  are  moving,  and  in  some 
cases  in  gravity  yards,  two  or  more  cars  are  moving  when  they  are  coupled.  When 
it  comes  to  the  coupling  of  the  air  hose,  that  is  done  after  all  the  cars  have  stopped 
motion.  There  is  no  movement  of  any  of  the  cars.  The  car  inspectors  and  the 
men  that  inspect  the  brake  apparatus,  adjust  the  travel  of  the  brake  cylinders,  etc., 
go  over  a  train  of  cars  and  couple  up  the  hose.  We  have  the  air-brake  test  pipes  in 
the  yard  conveying  compressed  air  to  each  outgoing  track,  and  air  connection  is 
made  from  the  roundhouse  compressor  in  that  manner  to  the  train.  The  train 
brake-pipes  are  tested  for  leaks,  the  couplings  are  tested  for  leaks,  the  piston  travel 
is  tested  and  adjusted,  and  by  the  time  the  locomotive  is  coupled  to  the  train,  the 
entire  train  air-brake  equipment  has  been  tested  and  is  in  condition  to  go  forward. 
The  fact  that  there  is  no  necessity  for  the  movement  of  a  car  to  couple  the  air-brake 
or  the  steam  heat  or  air-signal  apparatus,  I  think,  insures  against  accident  on  that 
account.  While  there  may  be  some  accidents  that  may  have  occurred  in  connection 
with  passenger  trains  where  men  have  coupled  steam  hose  or  air-brake  hose  at  the 
terminals,  that  is  something  that  is  the  exception  rather  than  the  rule.  1  do  not 
know  of  any  case  in  any  of  our  freight  yards,  and  in  some  of  them  we  handle  three 
or  four  thousand  cars  a  day.  The  operation  is  entirely  different,  as  in  one  case 
you  must  have  at  least  one  car  moving  to  effect  the  coupling.  In  the  other  case,  it 
is  not  necessary  to  have  any  car  moving  to  effect  the  coupling. 

When  it  comes  to  the  automatic  coupling  devices  for  air-brake  and  signal  hose 
and  steam  heat  attachments,  they  are  now  under  development.  We  have  a  train 
that  has  been  in  service  for  a  couple  of  years  with  those  attachments,  and  it  is  being 
tested.     It  is  not  satisfactory.     We  are  waiting  for  further  developments,  and  when 
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that  apparatus  is  perfected  it  will  no  doubt  be  given  due  consideration  for  use  the 
same  as  the  M.  C.  B.  coupler. 

The  President.  —  You  say  it  is  satisfactory? 

Mr.  J.  E.  Mahlfeld.  — No,  it  is  not,  but  I  say  when  it  has  been  developed  to  a 
satibfactory  extent,  that  is,  so  that  on  20**  of  curvature,  with  the  couplers  at  the 
maximum  and  minimum  limits  in  height,  with  Ihe  various  other  conditions  you 
hnvc  in  practical  service,  and  when  you  can  effect  an  arrangement  that  will  not 
necessitate  the  use  of  rubber  hose  and  will  absolutely  couple  the  air-brake  attach- 
ments and  the  steam  heal  and  the  air  signal  at  the  same  time  that  the  coupler  is 
coupled  through  the  movement  of  the  car,  I  think  that  it  may  be  used  to  some  extent, 
although  it  is  not  necessary  to  secure  against  personal  injury. 

One  of  the  defects,  if  it  can  be  so  considered,  in  air  brake  equipment,  is  the  use 
of  rubber  hose,  which  even  with  rigid  specifications  and  tests  and  vigorous  inspec- 
tion, will  frequently  fail  due  to  abuse  in  service,  and  from  which  bursting  results 
when  under  train  pipe  pressure.  When  one  of  these  hose  bursts  in  a  moving  freight 
train  on  the  line  of  road,  all  brakes  automatically  go  into  emergency  action  and 
frequently  results  in  the  buckling  of  cars,  etc. 

With  the  present  method  of  hand  coupling  the  train  pipes,  it  is  of  course, 
necessary,  that  a  flexible  material  such  as  hose  be  used.  If,  however,  automatic 
couplers  can  be  perfected  to  fully  meet  the  requirements,  the  connection  between 
the  train  pipe  and  the  coupling  head  should  be  made  by  piping  and  flexible  metallic 
joints. 

One  of  these  partly  developed  automatic  couplers,  now  being  used  to  a  limited 
extent  in  connection  with  passenger  equipment  cars  in  this  country,  is  the  Forsythe 
device.  In  this  arrangement,  the  use  of  rubber  hose  is  entirely  dispensed  with,  and 
this  we  feel  is  in  the  line  of  improvement. 

Mr.  W.  Mcintosh.  —  Mr.  President,  I  simply  want  to  state  in  connection  with 
Mr.  Muhlfeld's  remarks,  that  there  is  a  small  division  of  the  New  York  Central 
where  passenger  trains  are  operated  with  this  self-coupling  device  for  air  and 
steam,  and  the  Long  Island  Railroad  is  operating  a  number  of  trains  successfully 
with  the  same  device,  which  is  of  Westinghouse  make. 

Mr.  Sabouret.  (In  French.)  —  The  act  which  obliged  American  companies  to 
introduci;  automatic  couplings  enacted  at  the  same  time  that  the  continuous  brake 
should  be  used.  Attempts  to  connect  automatically  the  air  brake  pipes  are  of  quite 
recent  date,  whereas  automatic  coupling  was  settled  more  than  ten  years  ago. 
Should  we  expect  similar  independence  in  solving  the  problem  if  automatic  coup- 
lings were  to  be  applied  to  European  rolling  stock?     I  think  not. 

European  vehicles  have  buflers  while  the  American  have  none.  For  the  men  to 
go  between  two  coupled  vehicles  to  manipulate  the  brake  and  heating  pipes  is 
therefore  much  easier  with  American  cars  than  with  European  rolling  stock.     So, 
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if  we  continue  to  investigate  the  automatic  coupling  of  European  vehicles,  sup- 
posing we  desire  to  retain  buffers,  it  will  be  prudent,  I  think,  to  consider  likewise 
the  automatic  coupling  of  brake  and  steam  pipes.  If  this  is  not  done,  we  shall  only 
get  part  of  the  advantage  that  may  be  expected  from  automatic  arrangements. 

The  two  American  appliances  for  coupling  pipe  connections  which  we  have  had 
the  opportunity  of  seeing  at  the  Washington  Exhibition  are  only  possible  with 
automatic  car  couplers.  One  is  added  when  the  other  is  already  in  existence,  and 
under  these  circumstances,  these  appliances  become  comparatively  costly  and  com- 
plicated. The  Boirault  apparatus,  on  the  other  hand,  renders  it  possible  to  get  in 
a  very  simple  manner  both  automatic  car  coupling  and  at  the  same  time  coupling 
of  the  brake  and  steam  connections ;  that  is  a  very  important  advantage. 

Mr.  F.  G.  Wright,  Great  Western  Railway,  Great  Britain.  —  I  should  like  to  ask  a 
^juestion  of  the  last  speaker.  Is  it  not  a  fact  that  it  would  be  very  much  safer  to  go 
between  the  vehicles  of  a  European  train,  on  account  of  the  side  buffers,  than  to  go 
between  the  cars  of  an  American  train  that  had  the  central  coupling? 

Mr.  Sabonret.  (In  French.)  —  Suppose  a  man  between  two  vehicles  a  little 
<listance  apart.  He  wants  to  get  out.  He  cannot  always  get  under  the  buffers;  so 
he  risks  being  caught  between  them.  Such  a  thing  could  not  occur  with  American 
rolling  stock. 

A  delegate  said  it  might  happen  that  cars  should  be  close  together  and  that  under 
these  circumstances  there  would  not  be  much  danger. 

Aaother  delegate  suggested  that  the  man  might  get  out  between  the  buffers.  I  do 
not  exactly  know,  added  he,  whether  Mr.  Sabouret  means  that  the  risk  arises  only 
when  the  vehicles  are  a  short  distance  apart,  does  he? 

The  Fresident.  —  Yes. 

Mr.  E.  £.  Dolby,  secretary-reporter.  —  The  danger  is  only  when  the  cars  ai*e  some 
distance  apart. 

Mr.  F.  G.  Wright.  —  If  you  walked  between  the  cars  in  American  stock,  and  the 
one  car  moved,  you  would  be  instantly  killed.  That  is  so,  I  understand.  But  if 
you  were  standing  between  cars  of  a  European  train  and  the  cars  came  together, 
unless  you  happened  to  be  in  the  plane  of  the  buffers,  which  is  verj'  improbable, 
you  would  be  perfectly  safe.  With  the  European  cars,  with  side  buffers,  if  the 
vehicles  come  together,  the  man  is  in  a  safe  position,  and  if  he  wants  to  get  out  he 
naturally  goes  underneath  the  buffer;  but  with  the  American  vehicle,  if  they  come 
together,  and  they  cannot  couple  unless  they  come  together,  the  man  would  be 
instantly  killed. 

Mr.  A.  W.  Oibhs,  reportei\  —  Some  of  the  gentlemen  may  not  be  aware  that  in 
former  times  side  buffers  without  springs  were  very  generally  used  in  American 
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cars.  They  were  used  largely  because  the  coupler  then  used  was  not  adapted  lo 
resist  the  impact.  Therefore,  these  buffers  were  placed  there  to  take  the  impact, 
and  the  coupler  was  put  there  to  take  the  pull.  These  side  buffers  were  generally 
known  all  over  America  as  "  man-killers  ".  That  was  the  general  name.  I  think 
they  were  known  by  that  name  quite  as  much  as  by  the  word  "  buffer  ".  They  were 
dangerous  when  a  man  had  to  walk  between  the  cars,  they  were  dangerous  when  a 
man  had  to  reach  between  to  couple,  so  that  it  was  a  common  thing  to  see  a  man 
stoop  and  reach  out  so  as  to  put  the  pin  into  the  coupling,  and  1  think  that  it  was 
the  crushing  of  arms  by  those  buffers  which  did  quite  as  much  as  anything  else  to 
cause  the  agitation  that  led  to  the  adoption  of  the  coupler.  I  think  probably 
Mr.  Mcintosh  or  some  of  my  other  colleagues  will  bear  me  out. 

Mr.  W.  Mcintosh.  —  I  will  corroborate  Mr.  Gibbs'  claims  in  that  connection ;  and 
I  wish  to  say  just  a  word  in  regard  to  Mr.  Wright's  statement,  wherein,  if  I  under- 
stood him  correctly,  it  was  his  impression  that  if  a  man  stood  between  the  cars  of 
the  American  type,  on  either  side  of  the  coupler,  when  they  came  together,  he 
would  be  instantly  killed.  That  would  not  be  the  case,  because  after  the  couplers 
are  in  impact,  there  is  still  room  enough  on  either  side  to  allow  a  man  to  stand 
without  injury. 

Lieutenant-colonel  H.  A.  Torke.  —  I  am  very  obliged.  Sir,  to  Mr.  Muhlfeld  for  the 
information  that  he  gave  in  reply  to  the  question  that  I  put,  which  makes  it  per- 
fectly clear  that  up  to  the  present  moment  there  is  no  coupler  known  in  America 
which  is  satisfactory  for  coupling  brake  pipes  and  steam  pipes  or  any  other  pipes 
that  run  through  the  train.  But  Mr.  Muhlfeld  explained  that  after  the  train  had 
been  coupled  automatically  by  means  of  the  automatic  coupling  in  use  in  this 
country,  it  then  had  to  stand  for  a  certain  period  of  time  during  which  the  air  pipes 
were  connected  through  the  train  and  some  test  was  made  of  the  brakes  and  a  certain 
examination  of  the  train  took  place.  It  seems  to  me  that  the  delay  that  occurs  in 
this  manner  after  the  train  has  been  automatically  coupled,  seriously  discounts  the 
advantage  of  the  automatic  coupling,  because  if  the  train  after  having  been  coupled 
together  has  to  stand  for  some  time  while  certain  other  arrangements  are  being 
made,  that  time  might  just  as  well  be  utilized  for  coupling  the  cars  together  as  for 
coupling  brake  pipes  together.  Certainly,  if  that  is  the  case  in  America,  I  think  that 
we  would  couple  a  train  together  in  England  and  get  it  away  quicker  than  they  do  in 
America,  because  our  men  go  along  with  a  shunting  stick  and  connect  the  cars 
together  by  means  of  the  three-link  coupling  in  an  exceedingly  short  space  of  time, 
and  when  that  has  been  done  there  is  nothing  more  to  do.  We  have  no  further 
delay,  we  have  not  to  make  these  various  tests  of  brake  pipes  at  the  present  time ; 
and  what  I  hope  is  that  whenever  we  do  get  an  automatic  brake  fitted  on  our  freight 
cars,  that  brake  will  be  coupled  automatically. 

Mr.  Muhlfeld  said  that  the  time  occupied  in  coupling  trains  in  America  at  the 
present  time  is  one-quarter  of  the  time  that  used  to  be  occupied  in  former  days. 
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That  may  be  quite  correct  as  far  as  American  appliances  are  concerned,  because  in 
America  in  those  former  days  they  had  the  link  and  pin  coupler  which  was  aii 
appliance  which  did  not  lend  itself  to  very  rapid  handling;  but  again  I  say,  with  our 
three-link  coupler  in  England,  and  the  coupling  sticli;  the  time  which  is  occupied 
by  a  man  who  is  expert  in  the  use  of  that  appliance  is  very  small  indeed,  and  I  do 
not  think  that  the  time  that  would  be  saved  by  the  introduction  of  an  automatic 
coupler  would  be  so  great  as  a  quarter  of  the  time  that  is  now  occupied  by  the  hand 
appliance. 

Mr.  Dngald  Drommond,  London  &  South  Western  Railway.  —  In  Great  Britain  and 
Ireland  the  railways  possess  something  like  2,193,000  vehicles,  so  that  any  departure 
from  the  present  arrangements  now  on  these  railways  as  to  coupling  up,  would  be  a 
verj'^  serious  matter  unless  we  were  assured  of  something  better  than  we  already 
possess.  So  far  as  I  can  see,  the  couplings  in  America  would  not  serve  our  purpose 
as  well  as  those  we  have  already  in  our  possession,  for  the  reason  that,  in  my  opinion^ 
they  are  not  elastic  enough.  I  am  quite  agreed  that  the  center  coupling  is  a  desir- 
able thing  if  you  can  get  one  that  is  reliable,  and  if  at  the  same  time  it  meets  ail  the 
requirements  of  safety,  both  to  the  rolling  stock  and  in  the  transit  of  goods  and  to 
the  men  employed  in  the  operations  of  shunting;  and  I  should  like,  therefore,  to  ask 
some  of  our  American  friends  what  their  experience  is  in  the  damage  to  goods  in 
transit  with  the  mode  of  shunting  which  they  have  adopted,  and  also  as  to  the  tear 
and  wear  of  their  stock,  either  in  freight  cars  or  mineral  cars  in  the  shunting  opera- 
tions due  to  the  shocks  they  receive  from  the  present  arrangement  of  coupler  and 
buffer.  I  am  informed  that  it  is  very  serious,  the  damage  to  goods,  and  very  serious 
to  rolling  stock.  I  should  like  to  have  this  confirmed  by  several  of  our  American 
friends  who  have  had  a  long  experience. 

Mr.  J.  E.  Mnhlfeld.  —  Colonel  Yorke  referred  to  my  remark  to  the  effect  that  we 
had  reduced  the  time  one-quarter  for  coupling  of  cars.  I  think  if  the  secretary  will 
read  over  the  remarks,  we  shall  find  that  I  referred  to  the  time  for  the  classification 
of  cars  and  trains.  That  is,  instead  of  keeping  a  switch  engine  attached  to  a  string 
of  cars  and  switching  backwards  and  forwards  over  the  various  leads  in  the  yard  to 
place  the  cars  on  the  different  tracks,  we  now  use  one  switch  engine  and  that 
switch  engine  gradually  pushes  those  cars  head  on  over  the  hump,  and  they  are 
dropped  down  by  gravity  into  the  different  tracks,  and  it  is  in  the  classification  of 
the  cars  from  incoming  trains  that  we  have  reduced  the  lime  and  not  in  the 
coupling.  The  coupling  is  automatically  taken  care  of  by  itself,  even  when  the  cars 
are  in  motion.  I  have  seen,  in  these  yards,  three  cars  couple  themselves  automati- 
cally when  each  of  the  cars  was  in  motion  and  going  down  toward  the  end  of  the 
yard,  depending  entirely  on  the  acceleration.  In  the  saving  of  time  on  account  of 
the  coupling  of  cars,  there  is  no  doubt  that  if  you  can  switch  cars  down  tracks  and 
have  three  of  them  in  motion  at  the  same  time,  or  more,  and  have  those  cars  couple 
themselves,  during  that  operation,  there  must  be  some  saving  as  compared  with 
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running  up  to  a  car  with  a  locomotive  attached  and  depending  on   a  man  to 
couple  it. 

When  it  comes  to  the  time,  taken  up  with  the  coupling  of  hose,  we  hate  not  y(^  in 
service  on  American  railroad^  car  with  an  automatic  brake  that  does  not  require 
some  time  to  charge  the  reservoir  under  the  car  in  order  to  get  the  storage  of  air 
required  for  the  automatic  feature.  Now,  with  the  straight  air,  of  course  you  are 
entirely  dependent  on  the  pressure  from  the  engine  direct  through  the  train  pipe; 
and  you  carry  no  storage  under  your  car,  but  with  the  automatic  brake  it  requires 
some  little  time  to  charge  the  containers  that  are  under  each  car,  in  order  to  get  the 
required  amount  of  air  with  sufficient  pressure  to  make  the  terminal  test  of  the 
brakes,  to  see  that  they  are  in  proper  working  order,  and  during  the  time  that  these 
reservoirs  are  charging,  two  men,  one  on  each  side  of  the  train,  can  go  from  the  head 
or  rear  end  where  your  train  pipe  connection  is  made  to  the  yard  testing  plant  or 
locomotive  to  the  rear  of  the  train  and  couple  up  the  hose  and  test  them  as  rapidly 
as  you  can  charge  the  reservoirs  under  the  cars,  so  that  really  the  delay  is  due  to  the 
charging  of  the  reservoirs  under  each  car  in  order  to  get  the  required  pressure  to 
make  the  terminal  test  and  to  start  the  train.  We  cannot  afford  when  operating 
over  17  miles  of  continuous  grade  of  2*3  per  cent,  to  allow  any  train  to  leave  a  ter- 
minal, unless  we  know  that  the  brakes  have  the  proper  adjustment  of  the  piston 
travel;  that  we  have  no  leaks  that  will  tend  to  cause  sticking  of  the  brakes  going  up 
hill  or  that  will  be  likely  to  cause  any  failure  of  brakes  when  going  down  hill  which 
might  result  in  an  accident. 

In  regard  to  the  present  couplers  not  being  elastic  enough,  it  seems  to  me  that  the 
Baltimore  &  Ohio  has  curvature  and  gradient  conditions  that  will  thoroughly  test 
almost  any  coupling  apparatus,  and  we  feel  that  when  we  can  get  something  that 
will  meet  our  requirements  satisfactorily,  it  will  pretty  nearly  go  up  against  anything 
else,  where  the  conditions  are  not  so  severe.  We  regret  that  we  have  such 
conditions,  but  that  is  the  case. 

Now,  in  regard  to  the  claims,  it  must  be  stated  that  our  claims  for  damaged 
freight,  and  also  our  charges  for  freight  car  repairs,  have  increased  with  the  inaugur- 
ation of  these  hump  yards  and  the  automatic  coupler.  That  is  undoubtedly  the 
case,  with  the  exception  of  the  steel  cars,  and  it  is  mainly  due  to  the  fact  that  we 
have  mixed  in  the  diflferent  yards  to-day  cars  of  40,000,  60,000  and  80,000  pounds 
capacity  of  wooden  construction,  and  cars  of  80,000  and  100,000  pounds  capacity 
of  steel  construction.  The  steel  cars  have  the  draught  gear  attachments  and 
coupling  mechanism  of  modern  type  in  line  with  the  centres  of  the  sills,  and 
arc  able  to  cope  with  the  conditions,  but  the  wooden  cars  have  not,  and  for  that 
reason,  we  get  the  wooden  cars  sandwiched  in  between  a  lot  of  steel  cars  of  heavier 
capacity,  and  the  wooden  cars  must  stand  the  damage. 

Mr.  DugaldDrummond.  —  Can  you  give  us  anything  like  the  approxinuite  cost  for 
claims  for  damage  to  goods  in  transit? 
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Hr.  J.  £.  Muhlfeld.  —  No,  sir,  but  I  could  get  that  and  send  it  to  you. 

Mr.  Dugald  Drummond.  —  I  heard  it  was  very  heavy. 

Mr.  J.  S.  MuhlfekL.  —  I  think  that  has  been  largely  due  to  the  inauguration  of 
these  hump  yards.  When  you  first  put  a  hump  yard  into  use,  the  men  are  not 
acquainted  with  the  operation  of  it,  and  we  have  a  great  deal  of  damage  to  cars  and 
also  to  freight,  but  after  the  men  become  acquainted  with  the  operation  of  these 
yards,  and  the  hump  is  elevated  to  the  proper  degree  for  both  the  winter  service 
and  the  summer  service,  the  claims  are  reduced  very  materially.  Besides,  the 
instructions  now  are  to  have  switchmen  ride  these  cars  from  the  time  they  leave  the 
hump  until  the  speed  is  reduced  to  such  an  extent  as  not  to  cause  damage.  We 
anticipate  that  our  freight  claims  will  fall  after  the  use  of  the  hump  yards  is  more 
general. 

Mr.  F.  G.  Wright.  —  I  am  very  much  obliged  for  the  reply  that  1  had  from 
Mr.  Mcintosh.  I  was  not  aware  that  there  was  so  much  space  between  the  two  cars 
arranged  as  they  are  in  America  with  the  central  coupling,  and  1  think  myself  we 
have  rather  run  oif  the  road,  because  the  Americans  have  never  adopted  and  never 
used  the  method  that  we  have  at  the  present  time  in  England.  Before  they  adopted 
the  central  coupling,  they  had,  as  I  understand,  dead  buffers  and  the  link  and  pin 
coupling,  which,  of  course,  is  a  very  difficult  coupling  to  manipulate.  I  thoroughly 
endorse  everything  that  Mr.  Muhlfeld  has  said,  and  1  have  a  few  questions  I  should 
like  to  ask.  Now,  on  the  Great  Western  of  England,  we  have  had  no  experience  at  all 
with  automatic  couplings,  but  we  have  had  several  sent  to  us  to  experiment  with, 
and  I  believe  that  the  whole  of  the  railway  companies  of  Great  Britain  are  now 
looking  out  for  a  thoroughly  reliable  automatic  coupling,  and  in  my  judgment,  an 
automatic  coupling  will  be  of  no  use  until  it  entirely  prevents  the  necessity  for  any 
human  being  to  go  between  vehicles,  either  for  coupling  brake  pipes,  steam  pipes 
or  any  other  communication  that  may  be  required  between  vehicles,  and  until  that  is 
done,  I  do  not  think  an  automatic  coupling  will  be  thoroughly  satisfactory. 

Now,  Mr.  Muhlfeld  has  told  us  that  after  a  train  is  formed  it  couples  itself  up 
automatically,  but  labor  has  to  be  used  for  coupling  the  train  pipe,  and  then  a  delay 
takes  place  while  you  are  testing  the  brakes.  Under  the  system  that  we  adopt,  auto- 
matic couplings  would  be  of  no  use  whatever,  because  during  the  time  that  you  are 
either  coupling  up  the  pipe  or  testing  the  brake,  you  can  couple  the  train  twenty  times 
over.  The  automatic  vacuum  brake  that  we  are  using  on  some  of  our  goods  trains, 
necessitates  the  man  going  between  the  vehicles  after  they  have  been  coupled  with  the 
ordinary  shunting  pole,  but  we  have  no  delay  such  as  you  have  here  with  the  air 
brakes,  and  perhaps  it  is  only  one  of  the  advantages  I  know  of  the  automatic  vacuum 
brake,  that  as  soon  as  the  whole  of  the  vehicles  are  coupled  together,  the  engineman 
can  test  the  brake,  and  in  the  course  of  a  few  seconds  or  minutes  he  knows  whether 
the  brake  is  in  fit  condition  for  the  train  to  travel,  and  of  course  the  train  moves  off. 
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In  many  of  the  shunting  yards  in  England  we  have  not  space  enough  in  which  to  sort 
and  divide  the  trains.  You  will  find  these  trains  being  shunted  in  yards  where  the 
vehicles  have  to  be  taken  out  the  second  time  to  couple  them  in  trains  in  the 
condition  they  are  required  to  be.  Therefore,  automatic  coupling  would  be  a 
disadvantage  in  many  cases,  because  you  would  have  to  uncouple  the  vehicles  after 
they  had  coupled  themselves.  I  should  like,  in  the  first  place,  to  ask  the  American 
engineers  whether  they  were  able  to  run  vehicles  of  the  same  length  they  do  to-day 
before  they  adopted  the  automatic  coupling,  because  it  seems  to  me  that  one  of  the 
great  advantages  of  the  American  coupling  is  Ihat  they  are  able  to  go  round  very 
sharp  curves  at  a  very  high  rate  of  speed.  There  is  no  doubt  that  the  impact  caused 
by  an  engine  backing  on  to  the  train  is  very  much  greater  than  it  is  with  our  system, 
because  I  had  a  practical  experience  only  last  Monday  when  I  was  riding  with 
Mr.  Muhlfeld  in  his  saloon.  The  engine  backed  to  the  train,  certainly  not  very 
hard,  but  it  began  to  move  the  contents  of  the  coach  in  which  we  were  riding, 
which  would  not  have  happened  if  the  engine  had  come  back  with  twice  the  speed  on 
an  English  coach  equipped  with  side  buffers  and  the  large  buffer  spring  we  use. 

Then,  with  regard  to  the  question  of  claims  —  I  am  not  a  traffic  officer  myself  — 
but  I  do  believe  that  claims  have  increased  over  the  whole  of  the  railway  systems  of 
the  world,  and  it  is  due  in  a  very  large  measure  to  the  utter  indifference  and 
carelessness  of  the  staflF  that  has  to  deal  with  the  shunting.  Time  after  time  we 
have  had  machines  sent  from  various  makers,  and  they  have  come  to  us  damaged, 
and  it  was  only  a  few  weeks  before  I  came  here  that  we  had  sent  over  to  us  three  or 
four  vehicles  manufactured  in  America,  of  your  pressed  car  design,  for  trial,  and 
the  first  vehicle  we  sent  to  take  its  chance  on  an  English  train  was,  I  think,  one  of 
your  50-ton  coal  wagons,  and,  before  it  got  to  Birmingham,  four  out  of  the  eight 
axle-boxes  were  cracked,  which  must  have  been  caused  by  a  rough  shunt.  So  it 
shows  that  whatever  damage  you  are  having  in  America  owing  to  your  central 
coupling,  we  are  having  a  similar  trouble  owing  to  the  carelessness  of  the  staflT  who 
handle  the  vehicles.  The  central  coupling,  of  course,  has  very  many  advantages, 
but  until  you  are  able  to  start  the  train  away  at  once  after  the  couplings  are 
connected,  there  is  not  so  very  much  advantage  in  the  automatic  coupling,  and 
certainly  there  is  no  advantage  in  it  unless  you  are  able  to  couple  both  the  couplings 
and  the  whole  of  the  connections  between  the  vehicles  automatically  at  the  same 
time,  and  thus  prevent  any  of  the  staff  going  between  the  vehicles.  What  happens 
so  many  times  in  England,  happened  only  a  few  weeks  ago.  There  is  perhaps  a 
few  inches  of  space  between  the  buffers  of  two  trucks,  sometimes  1  foot,  or 
sometimes  18  inches,  and  a  man  carelessly,  without  looking  to  see  whether  they 
are  shunting  or  whether  there  is  an  engine  at  the  other  end  of  the  train,  passed 
between,  and  in  this  particular  case  when  he  was  passing  out  the  cars  closed  up 
and  he  was  instantly  killed.  I  take  it  that  exactly  the  same  thing  would  have 
happened  in  America  if  two  of  your  vehicles  were  standing  with  1  foot  between  the 
automatic  couplings  and  a  man  carelessly  passed  through  without  seeing  whether 
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there  was  an  engine  at  the  other  end  or  not,  or  whether  shunting  was  going  on. 
So  that  there  is  very  little  to  be  gained  in  the  question  of  safety  whether  you  have  an 
automatic  coupling  or  whether  you  have  our  system,  as  long  as  the  men  will  pass 
between  the  vehicles  when  they  are  standing  with  only  a  short  space  between  them. 
But  there  is  this  advantage  in  our  system,  that  if  you  are  shunting  on  a  curve 
and  a  man  is  standing  between  the  vehicles  he  knows  perfectly  well  that  he  is 
absolutely  safe,  but  I  venture  to  think  that  with  your  central  coupling  if  you  are 
shunting  on  a  sharp  curve  and  a  man  happens  to  be  on  the  inside  of  the  curve,  the 
chances  of  his  life  must  be  very  remote;  and  I  should  like  to  ask  whether  there  are 
any  cases  where  the  automatic  coupling  refuses  to  act  when  you  are  standing  on  a 
sharp  curve.  We  have  had  some  experience  with  the  Barnum  <^  Bailey  equipment 
in  travelling  through  England,  and  we  know  the  trouble  we  have  had  when  they  have 
required  a  train  to  be  shunted  to  suit  the  length  of  sidings  we  have  been  able  to  place 
at  their  disposal.  It  may,  of  course,  be  owing  to  the  ignorance  of  our  staff  as  to  how 
to  handle  vehicles  fitted  with  automatic  couplings,  but  1  venture  to  think  that  our 
sidings  laid  out  on  sharp  curves  can  be  dealt  with  easier  with  our  present  system  of 
coupling  than  with  the  automatic  coupling,  and  I  should  like  to  know  whether  there 
are  any  cases  where  the  coupling  absolutely  refuses  to  act  when  standing  on  sharp 
curves. 

The  President.  (In  French.)  —  Gentlemen,  before  going  any  further,  let  me  remind 
you  that  it  is  getting  late  and  that  for  some  time  past  we  have  been  discussing  details 
which,  though  exceedingly  interesting  in  themselves,  deviate  a  little  from  the  subject 
under  discussion. 

A  debate  like  this  might  lead  us  far  afield,  and  occupy  much  time.  After 
Mr.  Wright's  question  has  been  answered  I  suggest  that  we  consider  what  con- 
clusions are  to  be  drawn  from  the  discussion. 

Mr.  J.  E.  Mnhlfeld.  —  In  reply  to  that  question  I  can  say  that  where  sufiicient 
lateral  movement  has  not  been  provided  at  the  end  sills  of  cars  in  connection  with 
automatic  couplers,  there  have  been  failures  of  those  couplers  to  act  on  sharp 
curves,  and  it  has  been  necessary  to  couple  to  the  cars  with  safety  chains,  pull  them 
out  on  straighter  track  and  then  couple,  but  with  the  method  of  the  application  of 
those  couplers  at  the  present  time,  they  are  coupled  up  in  the  curvatures  that  we 
make  use  of  in  connection  with  modern  railroad  construction  around  the  terminals. 
With  regard  to  the  clearance  between  platforms,  it  is  necessary  to  have  clearance  for 
curvature,  and  as  most  cars  in  classification  yards  are  switched  on  straight  tracks, 
we  have  not  only  the  clearance  that  is  produced  by  the  length  of  the  coupler  heads 
after  they  are  in  contact,  but  also  the  clearance  that  is  given  to  permit  the  cars  to 
traverse  the  greatest  amount  of  curvature  in  commercial  yards,  and  we  have  some 
curves  of  60-foot  radius. 

Mr.  Wright  made  another  remark  relative  to  the  handling  of  the  same  length  of 
trains  that  we  handle  to-day,  with  the  old  method  of  coupling.     We  to-day  handle 
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trains  of  125  cars  in  length  and  with  the  old  link  and  pin  coupling,  we  would  not 
have  been  able  to  handle  those  trains  with  the  amount  of  slack  that  naturally  results 
from  that  method  of  coupling  without  a  large  number  of  break-in-twos ;  in  fact, 
where  we  are  handling  trains  of  123  cars  with  a  locomotive  developing  a  tractive 
power  from  40,000  to  80,000  pounds  it  would  not  be  proper  to  expect  that  the 
old  method  of  coupling  would  keep  the  train  intact,  especially  when  making  stops 
and  the  slack  runs  out. 

Mr.  P.  G.  Wrig:lit.  —  There  was  one  question,  Mr.  President,  I  forgot  to  ask  just 
now.  Is  it  a  fact  that  they  are  introducing  safety  chains  in  view  of  the  failures  of 
the  automatic  couplings? 

Mr.  J.  E.  Muhlfeld.  —  In  regard  to  the  safely  chains,  we  had  those  on  passenger 
cars  before  we  went  to  the  automatic  couplers,  and  we  think  it  is  an  additional 
safety  device  that  ought  to  be  used.  It  does  not  cost  any  more  money.  They  wx^re 
there  when  the  automatic  coupler  was  applied  and  they  have  been  continued.  On 
freight  cars  we  now  apply  safety  chains  on  the  class  of  equipment  that  is  used  for 
the  handling 'of  double  and  twin  loading,  that  is,  where  you  use  two  or  three  cars 
on  which  to  load  structural  steel  material,  and  those  safety  chains  we  regard  as 
more  economical  than  the  use  of  independent  chains  which  must  be  used  when  we 
load  cars  in  that  manner.  We  cannot  depend  on  the  coupler  and  draft  attachments 
alone  where  we  have  loads  of  that  kind,  without  the  use  of  chains,  and  the  safety 
chains  are  now  being  applied  direct  to  cars  of  the  class  that  are  used  for  that  class 
of  lading,  instead  of  depending  on  the  use  of  independent  chains,  which  are  much 
more  expensive  and  become  lost  and  misplaced  at  terminals. 

The  President.  (In  French.)  —  If  no  one  has  any  further  observations  to  make, 
I  now  propose  that  the  suggested  conclusions  should  be  read.  You  will  see  whether 
they  need  be  altered  or  can  be  accepted  as  they  are. 

The  following  are  the  conclusions  : 

"  The  Congress  acknowledges  that  automatic  couplings  are  universally  used  in 
the  United  States.  The  first  types  of  those  couplings  put  in  service  have  been 
successively  improved  until  ver}^  recently.  However,  it  is  remarked  that  the  auto- 
matic coupling  of  air  brakes  and  steam  heating  is  only  in  an  experimental  stage 
as  yet. 

"  In  other  countries  than  America,  several  systems  of  automatic  coupling,  either 
of  the  American  type  or  other  types,  have  been  tried.  The  necessity  for  keeping  the 
old  coupling  in  use  and  ensuring  its  operation  during  the  transition  period  is  a 
source  of  great  difficulty.  In  favour  of  the  American  type,  several  engineers  are  of 
opinion  that  its  great  strength  is  a  very  desirable  feature,  especially  when  cars  of 
large  capacity  are  used,  but  other  engineers  would  prefer  the  systems  which  can  be 
applied  to  existing  cars  more  easily  and  with  a  shorter  period  of  transition. 

"  The  British  engineers  as  a  rule  think  that  the  system  used  in  the  Great  Britain 
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and  Ireland  gives  satisfaction  as  well  as  regards  rapidity  of  coupling  and  uncoup- 
ling, and  as  regards  the  safety  of  men. 

"  As  r^ards  the  security  of  the  employees  who  make  the  coupling  and  uncoup- 
ling of  cars,  no  statistics  in  Europe  seem  to  prove  that  this  operation  is  more 
particularly  dangerous  with  the  actual  European  system.  On  the  contrary,  data 
prepared  by  the  Northern  Railway  Company  of  France  show  that  under  the  condi- 
tions existing  in  their  lines,  the  number  of  personal  injuries  is  very  small,  and  that 
the  actual  European  system  is  in  no  way  inferior  in  that  respect  to  the  American 
system.  " 

ifcr.  Rolteis,  reporter.  (In  French.)  —  The  service  conditions  in  European  stations 
are  quite  different  frome  those  of  American  stations.  The  shunting  work  in  America 
is  extrenaely  rough.  It  is  done  quickly  and  it  is  not  possible  to  institute  statistical 
comparisons  in  this  respect. 

We  should  therefore  be  wiser  in  omitting  these  particulars  in  our  conclusions. 

Mr.  R.  Fane-de  Salis.  —  I  should  like  to  suggest,  in  the  paragraph  dealing  with 
the  English  statement,  that  it  should  not  read  "  English  engineers,^  but  ^  English 
representatives,  "  and  I  could  not  quite  catch  the  wording,  but  that  some  such 
word  as  **  at  present  "  should  be  introduced.  We  do  not  wish,  I  think,  to  suggest 
that  we  are  hostile  to  automatic  couplings,  but  that  at  present  we  think  no  coupling 
has  been  produced  which  promises  to  supersede  our  hook  and  eye  coupling  with 
favourable  results.  I  am  not  quite  sure  whether  those  words  were  in  the  resolution 
or  not  as  read. 

Ihe  President.  (In  French.)  —  We  might  say  "  the  British  representatives  think 
that  the  system  used  in  England  is  at  present  satisfactory  as  regards  rapidity  of 
handling,  as  well  as  the  safety  of  the  employees.  " 

With  reference  to  Mr.  Noltein's  remark  as  regards  statistics,  I  presume  the 
Northern  of  France  company's  representative,  who  supplied  us  with  the  figures, 
will  say  a  word  in  reply  to  Mr.  Noltein. 

Mr.  Asselin.  (In  French.)  —  I  do  not  quite  understand  what  Mr.  Nollein  wishes. 
Does  he  want  the  suggested  conclusion  cut  out  altogether,  or  does  he  desire  it  to  be 
attributed  specially  to  the  Northern  Company  ? 

Mr.  Hohein.  (In  French.)  —  I  propose  that  the  conclusion  be  eliminated  entirely. 

The  President.  (In  French.)  —  In  order  to  meet  Mr.  Noltein's  views,  we  might  per- 
haps eliminate  the  comparison  with  the  American  system,  so  as  not  to  compare  two 
things  which  arcTeally  not  comparable. 

Hr.  J.  B.  MuUfeld.  —  In  the  statement  that  the  use  of  automatic  couplers  was 
general  in  the  United  States,  I  would  recommend  that  it  be  changed  to  read  *"  The 
United  States,  Canada  and  Mexico  ".    I  have  had  considerable  experience  in  Canada 
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on  the  Government  railroads  of  Canada,  the  Grand  Trunk  Railway  system,  and  am 
also  pretty  well  acquainted  with  the  Canadian  Pacific  system,  and  I  think  they  have 
generally  adopted  the  automatic  couplers. 

Mr.  Moffire,  French  Midi  Railway.  (In  French.)  —  As  has  been  recently  appro- 
priately remarked,  the  subject  possesses  two  aspects  :  on  the  one  hand,  the  safety  of 
the  men  and,  on  the  other,  technical  convenience. 

The  first  point  is  the  more  important.  The  only  argument  upon  which  the 
adoption  or  jion-adoption  of  automatic  coupling  rests  is  the  comparison  between 
the  safety  of  the  staff  in  using  one  system  or  the  other.  Nothing  but  statistics  can 
decide  that  point.  But  the  only  statistics  before  us  are  those  supplied  by  the 
French  Northern  Company.  I  therefore  propose  that  we  should  not  only  retain 
this  conclusion,  but  strengthen  it  by  striking  out  the  word  "  particularly  "  before 
**  dangerous  ". 

I  think  that  the  European  coupling  is  not  particularly  dangerous;  it  is  perhaps 
even  less  dangerous  than  the  American. 

The  Presidenjt.  (In  French.)  —  On  that  last  point  there  will  doubtless  be  some  dif- 
ficulty in  agreeing. 

Mr.  Moffire.  (In  French.)  —  Still  it  seems  to  me  that  it  would  be  difficult  to  ignore 
entirely  the  only  statistics  that  have  been  brought  forward. 

Mr.  Bowman  Malcolm,  Midland  Railway,  Northern  Counties  Committee,  Ireland. — 
I  think  the  reference  to  statistics  should  remain,  for  the  simple  reason  that  it  is  very 
difficult  to  make  these  comparisons,  because  the  cars  in  the  United  States  are  very 
large  as  compared  with  the  cars  in  the  United  Kingdom,  and  having  one  set  of  figures 
they  are  valuable  for  future  reference.  If  the  cars  are  large,  the  units  are  fewer,  and 
there  are  fewer  movements  to  deal  with,  and  fewer  movements  mean  less  liability  to 
accident. 

Mr.  F.  G.  Wrig:ht.  —  I  think,  Mr.  President,  we  want  to  be  very  careful  in  drawing 
up  our  conclusions,  to  look  at  this  question  in  the  right  way.  The  Americans,  as 
I  understand,  had  originally  a  solid  buffer  and  the  link  and  pin  coupling.  It  was 
not  satisfactory,  and  they  had  to  set  to  work  to  get  a  more  satisfactory  coupling. 
And  they  have  done  so  in  the  most  economical  way.  Now,  we  in  Great  Britain,  and 
of  course  on  the  continent,  have  gone  in  for  the  spring  buffers  and  the  chain  coup- 
ling, which  up  to  the  present  time  we  find  answers  very  satisfactorily,  and  it  would 
be  just  as  expensive  for  us  to  throw  away  all  our  spring  buffers  and  go  to  the  auto- 
matic coupling  as  it  would  be  for  the  Americans  to  throw  away  the  automatic  coup- 
ling and  go  to  the  spring  buffers,  even  assuming  that  our  system  is  better  than  theirs 
or  that  their  system  is  better  than  ours.  Then,  again,  it  would  be  practically  impos- 
sible to  run  vehicles  of  the  length  they  do  in  America  with  our  system  of  couplings, 
so  I  think  we  want  to  be  very  careful  to  look  at  it  in  the  proper  light,  so  as  to  arrive 


Digitized  by 


Google 


—  1295  — 

at  the  proper  conclusions,  and  it  would  be  very  interesting  if  it  were  possible  to 
arrive  at  the  actual  number  of  deaths  or  injuries  which  were  actually  attribotable  to 
the  coupling  and  uncoupling  of  vehicles  fitted  with  automatic  couplings  and  those 
fitted  with  the  ordinary  chain  couplings,  and  the  basis  should  be  on  the  standard  of 
the  number  of  miles  run  per  car. 

Mr.  W.  Mcintosh.  —  I  would  suggest  for  the  information  of  the  foreign  gentle- 
men present,  that  all  the  information  required  with  regard  to  accidents  to  employees 
is  available  in  the  report  of  the  Interstate  Commerce  Commission  of  the  United 
States.  I  regret  that  we  have  not  a  copy  here.  It  is  easily  procurable  by  any  one 
who  is  interested. 

Might  I  ask  you,  M.  President,  to  read  the  conclusions  so  far  as  they  relate  to  the 
practice  in  the  United  States. 

The  President.  (In  French.)  —  Mr.  Mcintosh  says  that  the  statistics  concerning 
America  appear  in  the  Interstate  Commerce  Commission's  Report.  Unfortunately 
we  have  no  equally  full  statistics  in  Europe  on  this  subject. 

As  regards  the  safety  of  the  men  whose  business  it  is  to  couple  and  uncouple 
vehicles,  statistics  fail  to  prove  that  these  operations  are  particularly  dangerous 
with  the  system  employed  in  Europe. 

The  final  paragraph  of  the  conclusions  runs  as  follows  :  "  On  the  contrary,  data 
prepared  by  the  Northern  Railway  Company  of  France  show  that  under  the  condi- 
tions existing  on  their  lines,  the  number  of  personal  injuries  is  very  small,  " 

It  would  perhaps  be  well  to  go  further  and  say  that  American  statistics  show  that 
an  improvement  has  taken  place  under  the  American  system,  but  that  so  far  there 
exist  no  European  statistics  supplying  the  data  required  for  forming  a  sound  judg- 
ment with  regard  to  methods  of  coupling.  So  far  as  can  be  judged,  the  European 
system  does  not,  however,  involve  serious  risks. 

Mr.  laurent.  (In  French.!  —  It  seems  to  me  that  the  question  of  retaining  the  sta- 
tistics supplied  by  the  French  Northern  Company  in  the  section's  conclusions,  ought 
to  be  decided  in  the  affirmative.  Mr.  Asselin's  statistics  do  not  mean  that  the  service 
is  better  carried  out  on  the  European  railways.  They  only  show  that  the  traflic 
conditions  are  different  on  American  railways,  that  these  different  conditions  arise 
from  the  heaviness  of  the  traffic  or  from  a  difference  of  rolling  stock.  It  may  there- 
fore be  true  that  the  question  of  automatic  couplings  dues  not  arise  in  Europe  as  it 
does  in  America,  and  from  this  standpoint,  the  suggested  conclusion  is  satisfactory 
to  everyone.  It  merely  affirms  two  facts ;  in  America,  automatic  coupling  has  caused 
a  certiiin  number  of  accidents ;  in  Europe,  there  are  comparatively  few  accidents  due 
to  the  system  of  coupling  employed. 

Here  we  have  two  facts  which  it  is  well  to  bring  face  to  face  and  they  are  brought 
together  in  Mr.  Asselin's  statistics.  I  am,  therefore,  in  favour  of  retaining  the  con- 
clusion that  has  been  suggested. 

V.  XI  87 
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The  !Pre9id«iit.  (In  French.)  —  I  stiall  take  tJhe  opinion  of  the  meeting  i^ith  r^ard 
to  the  «oncla&ion8  sfter  sabdividing  t4iem  into  two  portions.  One  portion  of  the 
condu&i««s  has  been  accepted  with  trifling  alterations.  The  section  agrees  that 
automatic  coupling  has  been  accepted  in  the  United  States,  Mexico  and  Canada. 
It  aflirms  further  that  automatic  coupling  of  brake  and  steam  pipes  is  still  in  the 
experimental  stage. 

It  is  then  stated  that  in  other  countries  the  various  systems  of  American  or  other 
automatic  couplings  are  still  on  trial,  that  some  engineers  prefer  the  American  sys- 
tem owing  to  its  great  strength,  that  others,  on  the  contrary,  would  prefer  a  system 
which  could  be  substituted  with  greater  rapidity.  Lastly  it  is  stated  that  British 
representatives  find  their  system  quite  satisfactory. 

On  these  various  points,  the  meeting  seems  to  me  to  agree;  I  therefore  put  this 
portion  of  the  conclusions  to  the  vote,  leaving  on  one  side  the  second  part  of  the 
condusions  aboul  which  there  are  doubts. 

Mr.  F.  G.  Wright.  —  If  you  discuss  the  question  of  statistics  afterwards,  it  will  be 
obviously  unfair  to  make  a  comparison  between  one  country  and  the  United  States, 
because  this  is  an  international  conference,  and  you  could  only  compare  two  systems. 
If  you  compare  the  sysCem  in  the  United  States  with  the  systems  adopted  in  other 
countries,  the  comparison  will  be  quite  fair  and  clear.  1  think  it  will  be  unfair  to 
compare  any  railway  in  France  with  a  system  in  operation  in  the  United  States  or  in 
America  as  a  whole. 

The  President.  (In  French.)  —  I  think  the  conclusion  I  was  proposing  will  satisfy 
the  wish  just  expressed,  because  there  is  no  connection  between  the  two  paragraphs  I 
was  submitting  to  the  meeting.  The  (irst  paragraph  asserts  that  automatic  coupling 
has  been  accepted  through  out  the  United  States,  Canada  and  Mexico. 

Mr.  Evelyn  Cecil,  London  &  South  Western  Railway.  —  I  may  say,  Mr.  President, 
I  was  informed,  when  in  Canada,  by  a  leading  official  of  one  of  the  largest  Canadian 
lines,  that  he  did  not  at  all  feel  great  satisfaction  with  regard  to  the  trial  of  automatic 
couples.  I  do  not  fancy  that  such  a  phrase  would  express  his  views,  or  that  the 
inclusion  of  Canada  in  that  resolution  —  if  it  indic>ates  the  absolute  success  of  the 
couplers —  would  be  approved  by  him. 

The  President.  (In  French.)  —  But  it  is  used  universally  in  America  and  we  are 
content  with  saying  so. 

Mr.  J.  E,  Mohlfeld.  —  On  that  subject,  I  would  like  to  say  that  I  was  employed 
for  several  years  by  the  Grand  Trunk  Railway  system  of  Canada  and  also  by  the 
Government  Railroads  of  Canada,  and  during  the  time  that  I  was  employed  by  those 
companies,  we  continually  bettered  our  equipment  each  month  by  making  the 
appli(^ion  of  a  certain  number  of  M.  C.  B.  couplers.  When  I  was  employed  in 
Canada  by  the  Intercolonial  and  the  Prince  Edward  Mand  railroads,  which  consti- 
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tute  the  Government  Railroads  of  Canada,  as  superintendent  of  motive  power,  each 
month  we  were  required  to  apply  a  certain  number  of  M.  C.  B.  couplers  and  each 
year  Parliament  would  vote  a  certain  amount  of  mpney  for  that  purpose,  although 
it  was  not  necessary  that  the  Government's  cars  be  so  equipped. 

The  President.  —  If  no  one  wishes  to  say  any  more,  I  shall  put  to  the  vote  the  first 
part  of  the  conclusions,  reading  them  once  again  : 

''  The  Congress  recognizes  the  universal  use  of  the  automatic  car  couplers  in  the 
United  States,  Canada  and  Mexico.  While  the  type  (M.  C.  B.)  remains  the  same  as 
first  adopted,  the  details  have  been  continually  improved.  Devices  for  automatically 
coupling  the  air  brake,  air  signal  and  steam  heat  pipes  .are  umd  to  some  extent. 
They  are  only  in  the  experimental  stage. 

"  In  countries  other  than  those  mentioned  above,  several  systems  of  automatic 
car  couplers,  either  of  the  American  (M .  C.  B.)  type  or  other  types,  have  been  tried. 
The  necessity  of  working  with  couplers  of  a  difterent  type  from  those  in  use  causes 
great  difficulty  during  the  transition  stage. 

"^  Several  representatives  were  in  favour  of  the  American  (M.  C.  B.)  type  on 
account  of  its  great  strength,  especially  where  large  cars  are  used,  while  other  repre- 
sentatives favored  the  use  of  such  types  of  couplers  as  could  be  more  readily  applied 
to  existing  stock,  so  as  to  reduce  the  period  of  transition. 

"  The  British  representatives  expressed  the  opinion  that  the  system  used  in  (ireat 
Britain  and  Ireland  is  at  present  satisfactory  as  regards  rapidity  of  handling,  as  well 
as  the  safety  of  the  employees.  " 

—  The  conclusions  were  adopted  unanimously. 

The  President.  —  Here  now  is  the  second  part  of  the  conclusions  : 

"  With  regard  to  the  number  of  accidents,  American  statistics  show  that  they  have 
been  considerably  reduced  by  the  general  adoption  of  the  M.  C.  B.  type  of  automatic 
coupler.  In  Europe,  statistics  do  not  indicate  that  the  operation  of  coupling  and 
uncoupling  is  particularly  dangerous  with  the  types  of  couplers  used  at  present. 
On  the  (•ontrai7,  data  prepared  by  the  Northern  Railway  Company  of  France  show 
that  under  the  conditions  existing  on  their  lines,  the  number  of  personal  injuries  is 
very  small.  " 

—  Adopted  unanimously. 

—  The  meeting  adjourned  at  4.30  p.  m. 
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DISCUSSION  AT  THE  GENERAL  MEETING 


-K* 


Meeting  held  on  May  13,  1905  (afternoon). 

Mn.  Stlyvesant  FISH,  president,  in  the  chair. 

General  secretary   :   Mr.   L.   WEISSENBRUCH. 

Associate  general  secretary  :  Mr.  \V.  F.  ALLEN. 

The  President  read  the 

Report  of  the  2**^  section. 

(See  the  Daily  Journal  of  the  session,  No.  9,  p.  187.) 

"  Mr.  A.  W.  Ginns  requested  permission  to  omit  the  reading  of  his  report,  because 
the  question  of  automatic  drawgear  never  arises  in  the  United  States,  where  autom- 
atic coupling  is  universally  employed  under  conditions  precisely  defined  by  legisla- 
tion and  by  the  rules  of  the  Master  Car  Builders'  Association.  Only  questions  of 
detail  remain,  such  as  the  uniformity  of  types,  and  strength  of  couplers  and  coupling 
on  curves.  This  last  point  is  the  chief  one,  for  since  the  introduction  of  steel  the 
tensile  strength,  at  all  events,  is  more  than  sufficient.  In  this  connection,  Mr.  A.  W. 
(iibbs  cited  some  experiments  since  his  report  was  written;  the  tensile  strength  of 
the  weakest  coupler,  of  a  slyle  already  out  of  date,  was  found  to  be  104,000  pounds; 
that  of  more  modern  types  varies  between  200,000  and  300,000  pounds. 

**  Other  countries  are  in  a  different  position,  for  the  question  of  adopting  or  not 
adopting  automatic  couplers  may  arise  there,  as  well  as  that  of  the  type  of  coupler 
to  be  chosen. 

"  One  of  the  secretaries  then  read  the  conclusions  from  the  report  of  Mr.  VV.  F. 
Pettigrew  (Furness  Railway). 

"  Mr.  G.  NoLTEiN  then  read  an  abstract  from  his  report. 

**  He  stated  that  the  application  of  automatic  couplers  in  Europe  usually  has  the 
twofold  object :  first,  of  preventing  accidents  in  switching,  and  then  of  securing 
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a  considerable  increase  of  tensile  strength,  fn  practice,  the  solution  of  this  twofold 
problem  has  only  been  obtained  up  to  the  present  time  by  the  American  type,  well 
known  under  the  name  of  the  Master  Car  Builders'  coupler,  but,  unfortunately,  the 
application  of  this  ingenious  device  involves  a  considerable  increase  of  dead  weight, 
which  is  all  the  more  disadvantageous  because  the  capacity  of  the  c<irs  is  less.  For 
an  ordinary  European  car  with  10  to  io  tons'  capacity,  the  increase  in  dead  weight 
arising  from  the  adoption  of  two  M.  C.  B.  automatic  couplers  amounts  to  about 
1,785  pounds,  involving  quite  a  heavy  expense..  This  fact  alone  is  sufficient  to 
explain  the  opinion  shared  by  most  engineers  in  France,  England,  Russia  and  other 
European  countries,  that  the  general  application  of  the  M.  C.  B.  coupler  on  existing 
rolling  stock  would  be  a  ruinous  measure  for  railway  companies. 

**  The  subject,  however,  assumes  a  different  aspect  where  the  capacity  of  the  cars 
and  the  effective  carrying  capacity  of  freight  trains  arc  to  be  increased  in  a  high 
degree. 

*"  The  reporter,  after  the  investigations  made  in  Germany  on  this  subject,  related 
the  experiments  made  by  the  Moscow-Kasan  Railway.  This  company,  having 
recognized  the  absolute  necessity  of  strengthening  the  couplers  for  the  purpose  of 
gradually  increasing  the  carrying  capacity  of  their  trains  to  1,000  tons,  began 
investigating  the  subject  in  1898.  The  result  of  these  investigations  was  the 
construction  of  box  cars  with  a  capacity  of  27  metric  tons  (26*6  English  tons), 
equipped  with  an  automatic  coupler  which  is  described  in  detail  in  the  report  and 
which  gives  satisfaction. 

"*  As  regards  passengers  cars,  the  subject  of  automatic  drawgear  has  also  been 
investigated  by  the  reporter,  who  has  applied  to  the  new  cars  of  the  Moscow-Kasan 
Railway  a  coupler  of  the  American  system  combined  with  the  equipment  described 
in  his  report  under  the  name  of  "  equipment  with  spring  vestibules.  " 

"  Mr.  Noltein's  conclusions  were  as  follows  : 

**  1*»  In  the  case  of  passenger  carriages,  the  question  of  the  application  of  American, 
couplers  seems  to  be  easier  to  solve,  as  their  number  is  much  smaller  than' that  of 
goods  wagons,  and  the  service  is  much  more  regular. 

"  2'  The  transition  systems  examined  for  goods  wagons  are  equally  suitable  for 
passenger  carriages.  But  any  arrangement  with  considerable  overhang  is  not  to  be 
recommended,  for  the  reasons  explained  in  the  report. 

*"  S*"  In  the  case  of  new  carriages,  equipment  with  spring  vestibules  offers  essential 
advantages  from  the  poin*  of  view  of  safety.  It  maki»s  the  cars  run  more  smoothly, 
it  counteracts  any  shocks  due  to  badly  adjusted  continuous  brakes  and  offers  certain 
guarantees  in  case  of  accident.  " 

*  At  the  request  of  the  PuKsn)KNT,  Mr.  A.  W.  Gnius  added  some  words  regarding 
the  difficulties  experienced  during  the  period  of  replacing  the  primitive  link  and  pin 
coupler  with  the  automatic  Ci)upler.  Quite  a  number  of  accidents  took  place  during 
this  period.     Experience  has  demonstrated  the  superiority  of  the  position  of  the 
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automatic  coupler  on  the  neutral  plane  of  the  underframe.  A  difficulty  which  has 
not  yet  been  entirely  overcome  i&  that  on  the  tracks  of  bridges  leading  from  the  bank 
to  the  "  car  floats,  "  the  couplers  form  at  times  such  an  acute  vertical  angle  that  they 
bend  and  the  butler  beams  of  the  cars  undergo  exce^ive  strains. 

**  Mr.  J.  E.  MuHLFELD  {Baltimore  &  Ohio  Railroad)  mentioned  another  ditlrculty 
arising  from  insufficient  side  play  on  sharp  curves.  This  difficulty,  however,  is  not 
usually  encountered  on  main  lines,  provided  the  centre  of  the  bogie  is  sutiiciently 
near  the  end  of  the  car,  when  the  drawgear  has  about  i  inch  side  play  each  way. 

"  Replying  to  a  question  put  by  Mr.  Sabolret  (French  Westej^i  Railway)  regarding 
the  frequency  of  accidental  uncoupling,  Mr.  J.  E.  Muhlfeld  said  that,  with  many  of 
the  old  types,  the  cars  were  quite  easily  uncoupled  in  the  case  o£  a  somewhat  violent 
shock.  With  the  present  couplers,  the  lock  is  movable  vertically,  and  when  it 
reaches  the  end  of  its  travel,  the  surfaces  of  friction  are  sufficient  to  prevent  it  from 
lifting.  Still,  in  coupling  locomotives,  there  is  a  risk  of  having  the  lock  spring  out, 
when  operating  double  headers  on  curves  or  running  into  sidings.  It  is  desirable 
to  secure  it  with  a  spring,  as  in  the  case  of  passenger  car  couplers. 

"  Mr.  F.  Petri  {German  Government)  gave  some  information  on  the  subject  of 
experiments  made  in  Germany  with  automatic  drawgear  of  the  American  type. 
These  experiments  were  based  on  the  recognized  need  of  strengthening  the  present 
type  of  drawgear  and  avoiding  accidents  in  coupling.  The  investigations  bore 
chiefly  on  two  points  :  the  arrangements  to  be  adopted  during  the  transition  period 
and  the  modifications  which  should  eventually  be  made  in  American  couplers, 
chiefly  from  the  standpoint  of  the  section.  The  tendency  in  Germany  is  to  close  the 
coupler  hook  more,  as  has  already  been  done  by  the  Master  Car  Builders*  Association 
in  1904.  Another  point  to  be  cleared  up  is  the  height  at  which  the  new  coupler 
should  be  placed.  The  German  Railway  Association  has  decided  to  engage  in 
experiments  on  a  large  scale  on  the  subject 

"  German  engineers  are  following  with  great  interest  the  improvements  which  are 
being  made  in  America  in  the  interior  mechanism  of  coupler  heads.  They  take  an 
equally  keen  interest  in  experiments  made  in  other  countries  with  other  types  of 
automatic  drawgear,  especially  the  tests  made  in  France  with  the  Boirault  apparatus. 

"  Mr.  Boell  {French  State  Railways)  gave  some  information  concerning  this  latter 
device,  which  has  been  adopted  on  ten  cars  of  the  French  State  Railways.  The 
Boirault  drawgear  was  designed  with  a  view  to  making  no  change  in  the  construc- 
tion of  European  cars,  avoiding  the  increase  in  weights  and  prices  involved  in  other 
systems  of  automatic  couplers  (the  increase  in  price  being  in  some  cases  as  high  as 
1,500  francs  [£60]  per  car),  and  greatly  accelerating  the  transformation. 

^  Mr.  Boell  then  gave  the  description  of  the  apparatus,  aspublislied  in  the  Orjfan 
fur  die  Fortschnite  des  Eisenbahnw^ens  and  in  the:  Revue  technique..  A  model  of 
this  coupler  is  on  view  at* the  Li^  Exposition. 
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"  Tbe  trials  made  with  this  drawgear  during  mare  than  twa  years  on  20-ton  cars 
have  been  most  satisfactory;  no  accident  or  failare  has  occurred  under  the  most 
severe  conditions.  Furthermore,  a  circular  letter  from  the  ministry  hast  just  invited 
all  the  railway  companies  in  France  to  make  a  trial  of  these  appliances. 

"  The  weight  of  a  complete  coupler  head  of  this  systooa  is  60  to  80  kiljogrsans 
(132  to  176  pounds). 

'^  To  a  remark  made  by  Mr.  Sarre  (German  Government),  who  has  followed  the 
experiments  made  with  the  Boirault  coupler  at  Tempelhof,  and  had  the  impression 
that,  in  its  present  form,  this  apparatus  is  not  sufficiently  strong,  Mr.  Boell  replied 
that  its  strength  could  easily  be  increased  without  greatly  increasing  its  weight, 
and  that  in  any  event  this  weight  would  be  considerably  less  than  that  of  American 
couplers. 

"  Mr.  Brissk  {French  Eastern  Railway)  observed  that  in  Europe  the  matter  is  of 
international  importance;  the  continual  transfers  of  rolling  stock  between  the  dif- 
ferent countries  of  Europe  —  Russia  and  Spain  excepted  —  call  for  the  adoption 
of  a  single  standard.  To  lessen  the  difficulties  of  the  transition  stage,  he  thought  it 
necessary  to  select  the  solution  which  would  make  this  period  shortest,  by  adopting 
a  device,  the  frame  of  which  can  be  prepared  in  advance  and  go  into  service  on  a 
stated  day. 

"  Mr.  Laurent  (Orleans  Railway)  declared  that  however  interesting  the  Boirault 
device  may  be,  the  trials  made  on  the  French  State  Railways  have  been  on  too  small 
a  scale  to  be  conclusive.  The  Orleans  Company  purposes  to  make  a  more  thorough 
trial,  with  the  view  of  deciding  whether  the  various  advantages  accruing  from  its 
use,  if  successful,  warrant  introducing  it.  The  Boirault  drawgear  has  the  advan- 
tage of  adapting  itself  to  the  existing  drawgear,  and  it  does  not  seem  necessary  to 
resort  to  the  American  coupler  in  order  to  obtain  sufficiently  powerful  drawgear. 
The  latest  couplers  put  into  service  in  France,  resist  a  pull  of  55,000  kilograms 
1 121 ,200  lb.),  it  is  evident  that  the  Boirault  coupler  must  resist  the  same  pull. 
Mr.  Laurent  also  stated  that  conditions  in  America  are  not  the  same  as  in  Europe, 
where  the  number  of  accidents  due  to  couplers  is  lower  than  in  the  United  States 
even  at  the  present  time.  Hence,  the  very  principle  of  adopting  automatic  coupling 
on  European  railways  is  open  to  discussion,  in  view  of  the  difficulty  and  expenses 
of  installing  the  system. 

*  Mr.  F.  Baltzer  (German  Government)  and  Mr.  Itoai  emphasized  the  fact  that 
tests,  to  be  conclusive,  must  be  made  upon  a  large  seale^  and  they  hoped  that  tbe 
present  meeting  of  the  Congress  would  result  in  leading  a  large  number  of  ratl'way 
managers  to  make  such  tests.  The  latter  gentlieman  added  that  the  extensive: exper- 
iments already  made  in  Germany  with  American  automatic  drawgear  have  been 
very  favoarable  to  this  type  of  coupler. 


Digitized  by 


Google 


—  1304  — 

"  Mr.  R.  Fane-de-Salis  {North  Staffordshire  Railway,  England)  reported  that  two 
trains  equipped  with  American  couplers  have  been  running  on  his  line  for  the  last 
three  years.  These  couplers  do  not  appear  to  him  as  reliable  or  as  quick  acting  as 
the  common  coupler.  A  special  difficulty  in  England  is  the  large  number  of  cars 
belonging  to  private  Individuals. 

^  The  Phesident  stated  that  the  subject  naturally  divides  itself  into  two  branches. 
First  of  all,  there  is  the  question  of  the  technical  details  of  the  automatic  coupler, 
its  tensile  strength  and  the  ease  with  which  it  can  be  operated,  etc.  The  second 
branch  of  the  question  deals  with  the  security,  the  reliability  of  the  automatic 
couplings,  and  that  is  a  question  which  can  be  best  solved  by  referring  to  the  statis- 
tics of  accidents. 

"  Mr.  AssELiN  (French  Northern  Railway)  said  that  the  accidents  of  which  the 
employees  are  the  victims  in  their  work  merit  the  most  serious  attention  on  the  part 
of  railway  managers.  It  is  a  question  of  humanity  and  of  professional  duly.  As  to 
the  French  Northern,  efforts  have  been  made  for  several  years  to  safeguard  this  work, 
and  the  matter  has  been  given  special  attention,  not  only  to  ascertain  the  number  of 
accidents  of  every  kind,  but  to  determine  the  precise  cause  of  such  accidents.  Owing 
to  rules  being  strictly  observed  and  to  proper  supervision,  the  number  of  accidents 
to  the  men  employed  in  1903  was  reduced  to  921,  but  it  should  be  remarked  that 
this  includes  the  smallest  accidents,  including  a  great  number  of  verj^  insignificant 
account.  Of  this  number  (921),  45  were  fatal,  and  the  number  fell  in  1904  to  762, 
of  which  32  were  fatal,  a  diminution  of  18  per  cent  as  compared  with  the  figures 
of  1903.  As  to  the  number  of  accidents  in  the  operations  of  coupling  and  uncoup- 
ling, taking  up  one  by  one  the  reports  of  accidents  since  1898,  Mr.  Asselin  finds 
29  accidents  in  1903,  of  which  tw(»  were  fatal,  and  20  accidents  in  1904.  There 
was  only  a  mean  of  three  fatal  accidents  per  annum  during  that  time.  This  shows 
that  the  number  of  accidents  which  are  due  to  coupling  and  uncoupling  the  vehicles 
amount  only  to  about  4  per  cent  of  the  whole,  and  that  9(5  per  cent  of  the  accidents 
are  due  to  other  causes.  These  should  be  dealt  with  as  much  as  possible,  so  as  to 
diminish  them.  In  addition,  these  results  have  been  compared  with  those  which 
have  been  obtained  from  the  American  records.  It  has  been  shown  that  upon  Ihe 
Northern  Railway  of  France  there  was  a  mean  per  annum  of  27  accidents,  of  which 
about  three,  exactly  2  6,  were  fatal,  per  annum.  This  would  make  for  100,000  per- 
sons 57  accidents,  of  which  5*5  were  fatal.  In  America  the  official  reports,  by  the 
consular  agents,  show  that  there  were  243  accidents,  of  which  16  were  faUil.  The 
records  of  the  French  Northern  Railway  for  100,000  were  far  below  that  figure,  with 
the  double  bufler  arrangement  and  a  coupling  of  the  non-automatic  type,  and  it  is 
easily  understood  how  much  this  company  hesitates  to  take  up  an  unknown  arran- 
gement which  seems  to  have  so  little  to  recommend  it,  as  shown  by  the  American 
records. 

*'  There  is,  however,  another  point  in  this  matter.     The  French  Northern  Rail- 
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way  Company  has  direct  connections  with  other  lines  and  exchanges  cars  with  those 
of  the  whole  of  Continental  Europe,  with  the  exception  of  Russia  and  Spain,  which 
have  tracks  of  a  wider  gauge.  The  period  of  transition,  which  has  not  been  less 
than  seven  years  in  America,  is  particularly  important  from  the  point  of  view  of 
the  safety  of  the  persons  employed.  How  many  human  lives  would  be  sacrified 
during  this  period  of  transition,  and  how  many  would  be  saved  afterward,  is  the 
question. 

"  Mr.  William  McIntosh  {Central  Railroad  of  Aew  Jersey)  said  that  the  old  link 
and  pin  couplings  required  careful  handh'ng  of  the  cars  in  order  to  allow  the 
switchmen  or  brakemen  to  make  the  connections.  Since  the  introduction  of  auto- 
matic couplers  but  little  attention  is  given  to  careful  handling  of  the  cars,  the  result 
being  that  is  was  found  necessary  to  strengthen  the  sills  and  parts  of  the  cars  to 
which  the  couplers  are  attached.  Cars  are  handled  now  very  carelessly,  and  the 
introduction  of  the  automatic  features  on  European  lines  will  bring  about  the  same 
(condition  of  affairs.  During  the  past  ten  years,  there  has  been  practically  a  revolu- 
tion in  the  weight  of  equipment.  They  had  during  this  period  increased  the  capacity 
of  the  cars  to  60,000  and  80,000  and  100,000  pounds.  This  has  called  for  much 
strong«^r  couplers,  and  they  are  now  using  steel  almost  exclusively,  and  the  parts  are 
made  larger  than  formerly.  Naturally,  with  many  of  the  cars  of  small  capacity  still 
in  service  with  the  lighter  couplers  there  have  been  failures.  But  notwithstanding 
this,  there  has  been  a  very  evident  diminution  in  the  number  of  failures,  until  at  the 
present  time,  it  is  an  unusual  occurrence  to  have  a  failure  of  any  kind  with  the  coup- 
lers in  passenger  equipment.  The  failures  in  freight  service  are  decreasing  rapidly, 
and  are  more  attributable  to  carelessness  in  handling  the  cars  in  shunting,  than  to 
any  strains  that  occur  in  the  natural  movement  of  the  cars  over  the  line. 

"  Mr.  J.  E.  MiHLFKLD  said  that  the  tonnage  handled  in  the  United  States  during  the 
past  ten  years  has  almost  doubled  in  freight  service,  and  there  has  been  a  large 
increase  in  the  number  of  passengers  carried  and  trains  moved.  In  comparison 
with  the  yearly  records  of  personal  injuries,  this  would  indicate  that  there  ha§  been 
a  decided  advantage  through  the  use  of  the  M.  C.  B.  type  of  coupler.  The  first 
couplers  put  in  service  were  of  malleable  iron,  and  the  design  was  such  as  would 
permit  of  the  opening  and  closing  of  the  knuckle  only  The  coupler3  now  in  use 
are  of  cast  steel  and  they  are  designed  so  as  to  admit  of  several  operating  features 
that  are  necessary  for  the  present  requirements. 

"  Now,  with  regard  to  the  points  that  Mr.  Petri  brought  out  relative  to  the  contour 
of  the  knuckle,  the  contour  that  was  adopted  last  year,  the  M.  C.  B.  contour,  is 
better  than  the  previous  one.  The  knuckles  before  were  made  rather  flat  instead 
of  raised,  in  order  to  give  a  good  bearing.  As  this  part  of  the  knuckle  wore  away, 
especially  during  rainy  weather  and  on  heavy  trains,  the  knuckles  would  tend  to  slip 
past  each  other  on  straight  track. 

**  Of  course  an  M.  C.  B  design  of  coupler  for  a  car  of  20  tons  capacity  can  be  made 
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very  much  lighter  than  the  coupler  such  as  we  use  for  a  car  of  100,000  pounds  capa- 
city, which  must  be  designed  so  that  Ihey  can  be  switched  over  hump  yards  and  at 
the  same  time  connect  them  automatically.  The  very  fact  that  the  switchmen  are 
now  not  required  to  go  between  cars  to  effect  couplings  should  confirm  the  fact  tbrat 
there  must  be  less  liability  to  injury.  The  old  method  of  coupling  necessitated  a 
man  going  between  the  cars,  whereas  with  the  present  coupling  that  is  not  done. 
It  is  not  practised  at  all.  While  in  a  great  many  cases  we  like  brakemen  to  ride 
cars  in  yards  where  they  are  coupled,  and  see  that  the  impact  is  not  severe,  or  too 
great,  so  as  to  result  in  damage,  yet  that  is  not  the  general  rule,  and  the  cars  are 
switched  over  humps  of  considerable  gradient  and  left  to  go  down  into  the  yard  and 
the  impact  is  depended  upon  to  couple  the  cars  in  trains. 

"  Lieutenant-colonel  H.  A.  Yorke  (British  Goveimment)  said  he  appeared  before 
the  meeting  as  a  student  and  not  as  an  instructor.  In  England,  there  are  two 
problems  at  the  present  time  which  are  engaging  a  great  deal  of  attention.  One  is 
that  of  automatic  coupling.  The  introduction  of  an  automatic  coupling  suitable 
for  freight  stock  is  of  great  importance.  The  other  is  the  building  of  freight  stock 
with  the  automatic  continuous  brake.  Those  questions  seem  to  be  very  intimately 
<onnected.  The  object  of  an  automatic  coupling  is  principally  to  prevent  the 
necessity  of  the  railway  employees  going  between  the  wagons  in  order  to  couple 
tliem  together,  f n  England  at  the  present  time,  it  has  been  rendered  unnecessary 
for  men  to  go  between  the  wagons  to  couple  them  together,  by  the  use  of  the 
coupling  stick,  which  is  an  article  of  every  day  use  throughout  the  railways  of 
England.  But  it  is  no  use  to  render  it  unnecessary  for  a  man  to  go  between  the 
wagons  to  couple  them  together  if  he  subsequently  has  to  go  between  to  couple  the 
brake  pipes  together;  and  the  would  like  to  know  what  the  experience  in  America 
has  bcfen  as  regards  the  automatic  coupling  of  brake  pipes. 

"  Mr.  J.  E.  MuiiLFELD  agreed  with  Colonel  Yorke  that  the  application  of  the  auto- 
malic  coupler  is  mainly  to  prevent  personal  injury  to  employees.  Another  reason 
is  to  facilitate  the  switching  and  handling  of  cars  at  terminals,  and  especially  at 
classification  yards.  Now,  the  method  for  coupling  cars  together  is  entirely  different 
from  the  method  of  coupling  the  brake  and  signal  and  steam  pipes.  When  cars 
are  coupled  together  either  both  or  one  of  the  cars  are  moving,  in  some  cases  in 
gravity  yards  both  cars  are  moving  when  they  are  coupled.  When  it  comes  to  llie 
coupling  of  the  air  hose,  that  is  done  after  all  the  cars  have  stopped  motion.  There 
is  no  movement  of  any  of  the  cars.  The  car  inspectors  and  the  men  that  inspect 
the  brake  apparatus,  adjust  the  travel  of  the  brake  cylinders,  etc. 

**  Mr.  William  McIntosh  stated  that  there  is  a  small  division  of  the  New  York 
Central  where  passenger  trains  are  operated  with  a  self-coupling  device  for  air  and 
steam,  and  the  Long  Island  Railroad  is  operating  a  number  of  trains  successfully 
with  thHsama  device,  which  is  of  Westinghousc  manufecture. 
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"^  Mr.  Sabol'rkt  made  some  remarks  on  the  essential  diffei'enees  between  the 
American  and  European  couplers. 

^  Mr.  A.  W.  GiBBS,  reporter,  stated  that  in  former  times  side  buifers  without 
springs  were  very  generally  used  in  American  cars,  because  the  coupler  then  used 
was  not  adapted  to  resist  the  impact.  These  side  buffers  were  generally  known  all 
over  America  as  '^  mran-killers''*. 

"  Mr.  William  McIntosh  corroborated  Mr.  Gibbs'  claims  in  that  connection  and 
added  Ihat  if  a  man  stands  between  cars  of  the  American  type,  on  either  side  of  the 
coupler,  when  they  come  together,  there  is  still  room  enough  on  either  side  to  allow 
him  to  stand  without  injury. 

"  Lieutenant-colonel  H.  A.  Yorke  made  some  remarks  on  the  lime  consumed  in 
America  for  coupling  the  hose  and  testing  the  air  brake  and  Mr.  I.  E.  Muhlpeld  gave 
him  some  information  as  to  the  way  of  doing  these  operations. 

"  Mr.  Dugald  Drlmmond  {London  &  South  Western  Railway)  said  that  in  Great 
Britain  and  Ireland,  the  railways  possess  something  like  2,193,000  vehicles,  so  that 
any  departure  from  the  present  arrangements  now  on  those  railways  as  to  coupling 
up  would  be  a  very  serious  matter,  unless  something  better  than  that  already 
possessed  can  be  assured.  So  far  as  the  speaker  could  see,  the  couplings  used  in 
America  would  not  serve  as  well  as  those  already  in  use  in  England.  He  should 
like,  therefore,  to  know  what  the  experience  in  America  has  been  in  the  damage  to 
goods  in  transit  with  the  mode  of  marshalling  which  has  been  adopted. 

"*  Mr.  J.  E.  Mlhlfeli)  replied  that  the  claims  for  damaged  freight,  and  the  charges 
for  freight  car  repairs  have  increased  with  the  inauguration  of  the  automatic  coupler. 
That  is  undoubtedly  the  case,  with  the  exception  of  steel  cars,  and  it  is  mainly  due 
to  the  fact  that  there  are  mingled  in  the  different  yards  to-day  cars  of  40,000  pounds 
capacity,  60,000  and  80,000  pounds  capacity,  of  wooden  construction,  and  cars  of 
80,000  and  100,000  pounds  capacity  of  steel  construction. 

**  Mr.  F.  G.  Wright  (Great  Westeim  Railway,  Great  Rritain)  thoroughly  endorsed 
everything  that  Mr.  J.  E.  Muhlfeld  had  said,  and  added  a  few  questions.  On  the 
Great  Western  of  England,  there  has  been  no  experience  at  all  with  automatic 
couplings,  but  they  have  had  several  sent  to  them  to  experiment  with,  and  he 
believed  that  the  whole  of  the  railway  companies  of  Great  Britain  are  now  looking 
out  for  a  thoroughly  reliable  automatic  coupling,  and  in  his  judgment  an  automatic 
coupling  will  be  of  no  avail  until  it  entirely  prevents  the  necessity  for  any  human 
being  to  go  between  vehicles,  either  for  coupling  brake  pipes,  steam  pipes  or  any 
other  communication  that  may  be  required  between  vehicles,  and  until  that  is  doae, 
no  automatic  coupling  will  be  thoroughly  satisfactory. 

"  Replying  to  a  question  of  Mr.  F.  G.  Wright,  Mr.  J.  E.  Muhlfeld  stated  that 
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safely  chains  are  still  used  on  passenger  cars,  and  on  freight  (iars  only  where  two 
or  three  cars  are  used  on  which  to  load  structural  steel  material. 

"  After  a  discussion,  in  which  Messrs.  R.  Fank-de-Salis,  Noltein,  J.  E.  Mlhlfeld, 
Bowman  Malcolm  (Midland  Railway,  Noi^theim  Comities  Committee,  Ireland), 
F.  G.  Whigiit,  William  McIntosh,  Laluent  and  Evelyn  Cech.  (London  &  South  West- 
em  Railway)  took  part,  the  following  conclusions  were  unanimously  approved.  * 

The  President.  —  The  following  are  {\\i\ 

DRAFT  CONCLUSIONS. 

'^  The  Congress  recognizes  the  universal  use  of  the  automatic  car  couplers  in  the 
United  States,  Canada  and  Mexico.  While  the  type  (M.  C.  B.)  remains  the  same  as 
first  adopted,  the  details  have  been  continually  improved.  Devices  for  automatically 
coupling  the  air  brake,  air  signal  and  steam  heat  pipes  arc  used  to  some  exlent. 
They  are  only  in  the  experimental  stage. 

"  In  countries  other  than  those  mentioned  above,  several  systems  of  automatic 
car  couplers,  either  of  the  American  (M.  C.  B.)  type  or  other  types,  have  been  tried. 
The  necessity  of  working  with  couplers  of  a  different  type  from  those  in  use  causes 
great  difficulty  during  the  transition  stage. 

"  Several  representatives  were  in  favor  of  the  American  (M.  C.  B.;  type  on 
account  of  its  great  strength,  especially  where  large  cars  are  used,  while  other 
representatives  favored  the  use  of  such  types  of  couplers  as  could  be  more  readily 
applied  to  existing  stock,  so  as  to  reduce  the  period  of  transition 

"  The  British  representatives  expressed  the  opinion  that  the  system  used  in  Great 
Britain  and  Ireland  is  at  present  satisfactory  as  regards  rapidity  of  handling,  as  well 
as  the  safety  of  the  employees. 

"  With  regard  to  the  number  of  accidents,  American  statistics  show  that  they  have 
been  considerably  reduced  by  the  general  adoptiim  of  the  M.  C.  B.  type  of  automatic 
coupler.  In  Europe,  statistics  do  not  indicate  that  the  operation  of  coupling  and 
uncoupling  is  particularly  dangerous  with  the  types  of  couplers  used  at  present. 
On  the  contrary,  data  prepared  by  the  Northern  Railway  Company  of  France  show 
that  under  the  conditions  existing  on  their  lines,  the  number  of  personal  injuries  is 
very  small.  " 

The  President.  —  Arc  there  any  objections  ? 

Mr.  Pieron,  French  NtU'thern  Railway.  (In  French.)  —  Is  there  anything  against 
leaving  out  the  word  "  particularly  ^  in  the  last  para;;raph  ?  It  would  seem  to  me 
that  the  operations  in  question  are  a  little  dangerous  and  that  might  be  implying  a 
weight  of  responsibility  upon  the  many  companies  which  use  side  buffers  and  the 
coupling  which  is,  up  to  a  certain  point,  the  European  standard  coupling. 
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Mr.  Sauvage,  president  of  the  2^^  section.  (In  French.)  —  The  section  thought  that 
these  operations  did  not  involve  any  more  risk  than  all  the  operations  required  in 
working  a  line.  There  must  always  be  a  certain  percentage  of  risk  in  every 
industry. 

Contrary  to  accepted  views,  coupling  operations  do  not  seem  to  involve  any  special 
risk  —  that  is  to  say  their  co-efficient  of  safety  is  fairly  high.  This  is  what  the 
section  meant  and  it  was  the  result  of  a  long  and  thorough  discussion. 

Mr.  Pieron.  (In  French.)  —  The  main  idea  of  the  conclusions  would  not  be  affected 
by  cutting  out  this  word. 

Mr.  Noltein,  reporter.  —  No  one  who  has  watched  European  cars  being  coupled 
together  can  approve  of  the  proposed  omission  of  the  word  **  particularly  ".  There 
is  still  danger  in  that  operation  and  nobody  can  deny  that.  There  may  be  not  much 
danger  under  conditions  prevailing  in  France  and  Belgium,  but  there  is  the  more 
danger  in  Sweden  >  Norway  and  Russia,  especially  in  winter,  when  trains  are  under 
snow  and  ice. 

Mr.  Laurent,  Orleans  Railway,  France.  (In  French.)  —  I  was  present  at  the 
discussion  and  it  was  provfed  that  the  conditions  of  rolling  stock  and  operation  are 
different  in  Europe  —  at  least  in  certain  parts  of  Europe  —  from  what  they  are  in 
America. 

In  the  conclusions  the  word  "  particularly  "  might  suggest  an  idea  which  I  do  not 
think  occurred  to  the  section  when  it  adopted  the  conclusions ;  it  seemed  to  me  that 
the  section  intended  to  accept  a  difference  between  America  and  Europe,  inasmuch 
as  the  conditions  of  coupling  and  uncoupling  could  not  be  regarded  as  dangerous 
in  the  circumstances  in  which  they  arc  carried  out  in  Europe  and  that,  consequontly, 
the  question  of  automatic  coupling  did  not  possess  the  same  importance  Ihoro. 

1  therefore  support  Mr.  Pieron's  proposal. 

Moreover,  if  it  might  be  deduced  from  this  term  that  there  was  a  certain  amount 
of  danger  in  coupling  and  uncoupling,  there  would  be  contradiction  between  this 
assertion  and  the  assertion  that  follows  according  to  which  statistics  prove,  on  the 
contrary,  that  accidents  in  coupling  and  uncoupling  are  very  few, 

Mr.  von  Leber,  Austrian  I.  R.  Ministry  of  Railways.  (In  French.) —  Could  we  not 
say  that  these  operations  are  not  dangerous  ? 

Mr.  Th.  H.  Ely,  Pennsylvania  Railroad.  —  I  think  that  the  whole  of  the  last 
paragraph  should  be  stricken  out  of  the  conclusions,  as  it  does  not  seem  to  me  that 
it  serves  any  useful  purpose  or  gives  any  information  to  railway  men,  and  I  so  move 
you,  sir.  [Applause.) 

The  President  put  the  question  of  Mr.  Ely's  motion  and  it  was  determined  in  .the 
affirmative,  whereupon  the  conclusions  were  adopted  as  amended. 
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J[r.  Lionel  Maize,  French  Northern  Railway.  (In  Fnench.)  —  Tiie  last  paragraph 
contains )ftn  assertion  that  cannot  be  left  oat.  Namely,  the  view  of  the  section  as  to 
the  greater  or  less  danger  of  the  appliance  in  question.  We  migtrt  arrive  at  the 
decision  intended  by  the  section  by  stating  that  it  offers  no  danger  of  a  special 
character;  there  is  only  the  risk  common  to  any  industry. 

The  President  —  I  have  begun  counting  votes  and  thei'efore  the  question  is  no 

longer  open.  {Hear,  hear.)    The  votes  not  in  favour  of  the  motion  will  now  be  taken. 

Those  who  are  in  favour  of  retaining  the  last  paragraph  are  requested  to.stend  up. 

—  It  was  decided  to  omit  the  last  paragraph  and  the  rest  of  the  conclusions  were 
adopted. 

The  President.  —  The  following  are  therefore  the 

CONOIiUSIONS. 

'^  The  Congress  recognizes  the  universal  use  of  the  automatic  car  couplers  in  the 
"  United  States,  Canada  and  Mexico.  While  the  type  (M.  C.  B.)  remains  the  same  as 
"  first  adopted,  the  details  have  been  continually  improved.  Devices  for  auto- 
^  matically  coupling  the  air  brake,  air  signal  and  steam  heat  pipes  are  used  to  some 
**  extent.     They  are  only  in  the  experimental  stage.  * 

**  In  countries  other  than  those  mentioned  above,  several  systems  of  automatic 
"  car  couplers,  either  of  the  American  (M.  C.  B.)  type  or  other  types,  have  been 
"  tried.     The  necessity  of  working  with  couplers  of  a  different  type  from  those  in 

*  use,  causes  great  difficulty  during  the  transition  stage. 

"  Several  representatives  were  in  favor  of  the  American  (M.  C.  B.)  type  on  account 
"*  of  its  great  strength,  especially  where  large  cars  are  used,  while  other  represen- 
"  tatives  favored  the  use  of  such  types  of  couplers  as  could  be  more  readily  applied 
"*  to  existing  stock,  so  as  to  reduce  the  period  of  transition. 

"  The  British  representatives  expressed  the  opinion  that  the  system  used  in  Great 

*  Britain  and  Ireland  is  at  present  satisfactory'  as  re^rds  rapidity  of  handling,  as 
^  well  as  the  safety  of  the  employees.  " 
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Addenda  to  report  No.    1    (England), 

By  William  F.  PETTIGREW,  M.  I.  C.  E..  M.  I.  M.  E., 

LOCOMOTIVE,  CARRIAGE  AND  WAGON  SUPKRINTBNDBNT  FURNESS   RAU.WAY. 


Figs.  15  to  19,  pp.  1311  lo  1315. 


Automatic  couplers. 

Since  preparing  the  report  on  automatic  couplers,  a  new  automatic  buffer  coupler 
now  being  tried,  has  been  brought  to  my  notice.  This  is  known  as  the  Jepson 
coupler  and  is  being  placed  on  the  market  by  the  proprietors,  the  A.  B.C.  coupler, 
Limited. 

This  coupler  has  many  points  to  recommend  it,  it  is  equally  suitable  for  carriage 
and  wagon  stock,  as  it  couples  tight  automatically  at  high  or  low  speeds,  both  on 
the  straight  road  and  on  sharp  curves.  It  is  uncoupled  by  the  pull  of  a  chain  from 
either  side  of  a  vehicle,  and  the  couplings  at  both  ends  of  the  vehicle  are  identical ; 
it  is,  therefore,  quite  unnecessary  for  a  man  to  pass  between  the  vehicles. 

The  standard  pattern  coupler,  which  is  illustrated  by  figures  lo,  16  and  17,  is 
arranged  to  couple  automatically  at  4  inches  difference  of  level.  A  slot  is  provided 
in  the  headstock  to  allow  lateral  movement,  and  the  draw  and  buffing  springs  are  so 
arranged  that  flexibility  is  allowed  to  the  couplers  for  traversing  the  sharpest  curves, 
the  arrangement  being  suitable  for  continuous  or  non-continuous  draw  gear,  and  it 
is  such  that  when  the  couplers  are  released  they  automaticiilly  return  to  the  central 
position. 

The  action  of  coupling  is  as  follows  :  When  two  vehicles  are  shunted  together,  the 
shackle  noses  meet.     These  shackles  are  balanced  and  ride  upon  a  fulcrum  provided 
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in  the  butfiT  head,  and  Ihe  pin  at  the  rear  is  placed  in  a  vertical  slot,  so  that  the 
nose  is  capable  of  being  elevated  or  depressed,  and  on  meeting  one  shackle  passes 
below  the  other,  and  up  the  inclined  table  in  the  buffer  head  until  it  meets  the 
vertical  part  of  the  disc  directly  behind  the  hook,  and  as  the  shackle  moves  forward 
it  cruises  the  disc  to  rotate,  until  the  buffer  faces  have  come  in  contact,  when  the  half 
weight  of  the  engaging  shackle,  together  with  the  added  weight  of  the  overlying  one 
are  resting  upon  the  horizontal  portion  of  the  disc  behind  the  hook  and  complete 
the  closing  operation,  the  disc  hook  being  so  formed  that  the  weight  of  the  shackles 
when  the  butter  faces  come  in  contact,  are  acting  on  the  inner  side  of  the  pin  about 
which  they  turn  the  hook  by  gravity.  When  the  hook  is  in  the  closed  position,  the 
locking  bar  is  driven  home  by  the  action  of  the  spring;. the  disc  hook  is  thus  held 
in  the  locked  position  until  the  locking  bar  is  withdrawn  for  the  purpose  of 
uncoupling. 

The  locking  bar  performs  a  further  function.  When  the  disc  hook  is  in  the 
open  position,  it  is  held  in  that  position  by  the  spring  pressing  the  locking  bar  hard 
against  the  side  of  the  rim  of  the  disc.  The  projection  on  the  locking  bar  for 
engaging  the  disc  hook  is  inclined  at  each  end,  so  that  when  two  couplers  come 
together  at  a  high  rate  of  speed,  the  locking  bar  enters  the  keyway  in  the  rim  of  the 
disc  hook  before  it  comes  directly  opposite  to  it,  and  thus  ensures  coupling,  ft 
should  be  noted  that  the  locking  bar  springs  have  no  strain  upon  them  when  the 
hook  is  in  the  coupled  position ;  consequently,  there  is  no  fear  of  their  breaking  and 
permitting  the  locking  bar  to  travel  endwise  and  the  vehicles  to  become  separated, 
and  it  will  be  further  observed  that  these  springs  are  provided  with  ferrules  which 
prevent  their  being  over-strained  and  damaged.  Only  the  lower  shackle  engages, 
the  overlying  one  being  lifted  clear  of  the  opposing  disc  hook  by  the  nose  of  the 
lower  shackle  as  it  travels  up  the  inclined  table  in  the  buffer  head.  Consequently, 
one  disc  hook  always  remains  in  the  open  or  uncoupled  position,  and  the  other 
becomes  coupled. 

When  the  locking  bar  is  withdrawn  for  the  purpose  of  uncoupling,  the  disc  hook 
is  turned  into  the  open  position  by  the  shackle  of  the  outgoing  vehicle  as  the  two 
couplers  separate,  and  it  is  thus  left  in  the  uncoupled  position  and  held  there  by 
the  locking  bar,  ready  for  recoupling  automatic;iIly. 

It  will  be  seen  from  the  above,  that  the  motion  of  the  vehicle  causes  the  disc  hook 
to  rotate  in  the  action  of  coupling  and  uncoupling. 

It  will  also  be  noticed,  that  the  shackles  never  rise  above  the  top  of  the  buffers; 
consequently,  they  will  not  interfere  with  the  vestibules  of  carriages  where  such  are 
provided. 

It  will  be  seen  by  reference  to  the  drawings  that  this  coupler  is  exceedingly  simple 
in  its  construction  and  has  very  few  wearing  parts,  and  none  of  these  are  subjected 
to  the  buffing  strains,  the  latter  being  passed  through  the  solid  metal  of  the  buffer 
head  and  shank  to  the  springs  and  on  to  the  vehicle.  Thebuff'er  faces  are  flat,  and 
when  two  vehicles  meet  on  a  curve  the  flexible  spring  arrangement  allows  the  two 
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faces  to  come  together  parallel  to  each  other.  The  coupler  is  so  designed  that  in 
the  event  of  the  disc  hook  pin  or  the  disc  hook  breaking,  the  vehicles  will  not 
become  separated,  the  hook  being  retained  in  position  by  the  surrounding  metal  of 
the  coupler  head. 

A  further  great  advantage  of  this  coupler  is  that  it  will  couple  up  readily  with 
almost  any  other  form  of  coupler. 

Figure  18  shows  the  Jepson  coupler  connected  to  the  standard  South  African  link 
and  pin  coupler,  the  connection  being  easier  to  make  than  the  connection  between 
two  standard  link  and  pin  couplers. 

Figure  19  also  shows  the  Jepson  coupler  connected  to  the  Norwegian  hook 
coupler  as  used  on  the  West  Australian  Government  Railways.  In  this  case,  the  disc 
hook  is  made  easily  removable,  and  is  replaced  by  the  standard  Norwegian  hook,  or 
if  the  opposing  buffer  has  the  hook  attached,  the  pin  is  replaced  and  the  Norwegian 
hook  engages  it.  It  will  thus  be  seen  that  it  is  no  more  trouble  to  make  this 
connection  than  when  two  hook  ends  of  the  standard  Norwegian  coupler  come 
together. 

For  connecting  to  the  standard  three  link  chain  or  the  screw  coupling  as  used  on 
British  railways,  the  opening  in  the  Jepson  coupler  is  modified,  so  that  the  three 
link  chain  when  coupled  on  the  hook  may  hang  more  vertical;  the  hook  is  also 
increased  in  height  and  is  given  more  overhang,  and  to  increase  the  security  of  the 
coupling,  the  shackle  is  allowed  to  rest  upon  the  chain.  The  three  link  chain  may 
be  coupled  and  uncoupled  from  this  hook  by  the  shunter's  pole  in  the  usual  manner, 
the  disc  hook  remaining  in  the  closed  position  for  this  purpose. 

The  materials  from  which  this  coupler  is  made  are  as  follows  : 

The  buffer  head  and  shank  are  made  from  cast  steel  of  special  quality,  the  shank 
being  drawn  out  under  the  hammer  or  forging  press  to  the  required  form,  and 
afterwards  the  whole  is  thoroughly  annealed.  The  disc  hook  is  preferably  a  steel 
stamping  or  it  may  be  cast;  the  shackle,  locking  bar  and  pins  are  forged  steel  of 
suitable  quality. 
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[6«K  246]  APPENDIX  II. 


Note  on  the  Boirault  automatic  car  coupler. 


Figs.  1  to  9.  p.  1319  to  1322. 


The  automatic  coupler  devised  by  Mr.  Boirault,  engineer  on  the  French  State 
Railways,  was  designed  with  a  special  view  to  coupling  automatically  cars  of  the 
type  most  generally  used  in  Europe,  without  making  any  alteration  in  the  construc- 
tion of  their  underframes  or  even  in  the  drawbars  and  buffers  now  employed. 

It  consists  (fig.  1)  of  an  extensible  frame  formed  of  two  guides  G,  bolted  together, 
two  slides  C,  running  in  these  guides  and  forming  an  extension  to  the  end  of  the 
latter,  and  a  coupling  head  T,  rotating  on  two  bearings  supported  by  the  end  of  the 
slides.  The  coupler  head,  carrying  the  slides,  is  held  away  from  the  guides  by  the 
coiled  spring  R,  resting  on  the  staybolt  of  the  guides.  The  pins  H  pass  through 
the  guides  and  the  slides  without  interfering  with  their  relative  motion,  but  limit 
the  extension  of  the  frame  under  the  action  of  the  spring  or  the  strain  of  traction 
and  transmit  the  strain  to  the  guides.  The  device  is  attached  to  the  car  by  a  lock 
pin  A,  which  passes  through  the  guides  and  the  slot  in  the  common  drawhook. 
On  the  other  hand,  a  yoke  E,  jointed  to  the  guides,  serves  to  suspend  the  apparatus 
in  a  horizontal  position  when  this  link  engages  the  drawhook.  The  coupler  head 
has  in  its  front  face  (L  6.,  the  face  opposite  the  end  sill  of  the  car)  two  lugs  and  two 
rectangular  openings  (fig.  5).  arranged  diagonally  so  that  when  two  cars  are  coupled 
the  lugs  of  each  of  the  two  heads  in  contact  engage  in  the  openings  of  the  other. 
The  lugs  have  round  holes  for  receiving  locks  set  in  the  thick  part  of  the  coupler 
heads.  The  coupling  of  the  two  heads  in  contact  is  thus  effected  by  four  locks,  two 
locks  in  each  head  entering  the  holes  in  the  lugs  of  the  other. 

The  two  locks  in  each  coupler  head  are  controlled  by  a  lever  B  (fig.  2),  turning 
on  a  pivot  on  the  rear  face  of  the  head  and  in  the  center  of  the  latter. 

The  coiled  spring  R  (fig.  1)  acts  on  this  lever  through  a  ratchet  (which  also 
serves  to  give  the  spring  the  proper  tension)  so  that  it  always  tends  to  make  it  turn 
in  the  direction  corresponding  to  setting  the  locks,  as  shown  by  arrows  in  figure  2. 
When  the  coupling  is  not  made,  the  lever  3  is  locked  (fig.  2)  in  the  position  corres- 
ponding to  lifting  the  locks  with  a  pawl  D,  pivoted  to  the  lifter  arm,  and  this 
strikes  against  a  projection  F,  on  the  coupler  head.  It  suffices,  therefore,  to  lift 
the  pawl  D  to  set  the  locks  u;ider  the  action  of  the  spring  R. 

The  pawl  D  is  raised  automatically  when  the  lugs  in  the  coupler  heads  enter  the 
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corresponding  openings,  thanks  to  an  inclined  plane  P  (fig.  3),  provided  on  the 
upper  lug  of  each  coupler  head.  The  result  is  that  when  the  lugs  have  entered 
entirely  into  the  openings,  the  pawl  D  ceases  to  be  supported  by  the  rib  F,  and 
consequently  the  locks  set,  passing  through  the  corresponding  openings  in  the 
lugs  (fig.  4). 

To  the  ends  of  the  lever  B  are  attached  small  chains,  which  are  also  fastened  to 
the  ends  of  the  end  sills  of  the  car  (fig.  6).  By  pulling  one  or  the  other  of  these 
chains  by  a  handle  with  which  they  are  supplied,  the  lever  B  is  moved  in  the  opposite 
direction  from  the  arrows  in  figure  2,  and  the  pawl  D  comes  back  to  the  position 
indicated  in  this  same  figure.  Therefore,  to  uncouple  two  cars,  it  is  only  necessary 
to  pull  simultaneously  or  successively  on  the  chains  of  these  two  cars,  and  this  can 
be  done  from  either  side  without  getting  between  the  buffers.  It  is  worth  noting 
that  the  cars  are  uncoupled  without  drawing  the  cars  apart,  which  is  not  the  case 
with  couplers  of  the  American  type,  which  can  only  be  properly  uncoupled  by 
separating  the  cars. 

To  bring  the  two  coupler  heads  always  exactly  facing  each  other,  even  on  curves 
and  where  the  two  cars  have  buffer  blocks  of  different  heights,  the  slides  C  (fig.  1) 
carry  two  guiding  pieces,  one  of  which,  called  the  socket,  is  funnel  shaped  and  the 
other,  N,  called  the  ^  tongue,  ^  engages  in  the  socket  on  the  other  car.  Thanks  to 
the  play  of  the  pin  A  in  the  slot  in  the  drawhook  and  the  pivoting  of  the  coupler 
head  on  its  bearings,  cars  can  be  coupled  in  a  most  satisfactory  manner. 

The  appliance  also  has  at  the  end  of  the  slides  C  two  lugs  (shown  in  the  diagram, 
fig.  i),  which  engage  the  hooks  at  the  ends  of  the  safety  chains  of  the  car,  if  it  has 
them.  Thanks  to  this  device,  the  safety  chains  are  coupled  automatically  by  the 
action  of  the  coupler  heads,  and  if  the  drawbar  of  a  cai:  ever  breaks,  there  still 
remains  an  elastic  coupling  between  this  car  and  the  next,  thanks  to  the  drawspring 
on  the  second  car. 

The  pin  A  (fig.  1),  which  passes  through  the  slot  in  the  drawhook,  also  acts  as 
a  pin  for  securing  the  common  screw  coupler,  which  must  be  retained  at  least 
provisionally  to  permit  of  coupling  to  cars  equipped  only  with  the  screw  drawgear. 
For  this  form  of  coupling,  it  is  only  necessary  to  unhook  the  safety  chains,  lift  up 
the  Boirault  apparatus  releasing  the  yoke  E  from  the  drawhook,  and  then  allow 
the  apparatus  to  drop  down  vertically  (fig.  7).  This  can  be  done  in  a  few  seconds 
by  one  man  (the  apparatus  weighing  about  60  kilograms  [132  pounds]),  as  well  as 
the  reverse  process  of  placing  the  apparatus  in  a  horizontal  position. 

If  it  is  desired  in  switching,  to  run  one  car  against  another,  without  coupling  them 
automatically,  it  is  only  necessary  to  throw  one  coupler  out  of  service  by  lifting  the 
pawl  and  thus  setting  the  locks  in  advance  (fig.  6).  To  reset  the  coupler,  it  is  merely 
necessary  to  pull  one  of  the  chains  in  order  to  bring  the  pawl  back  to  its  normal 
position. 

The  length  of  the  apparatus  is  so  calculated  for  freight  cars  that  when  the  cars 
are  coupled,  the  buffers  are  not  in  contact.    On  the  contrary,  for  cars  running  at  a 
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Note.  —  Figures  2,  3  aud  4  show  the  reverse  of  the  coupler  head. 
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high  speed,  the  length  is  arranged  so  that  the  buffers  are  compressed  to  the  proper 
extent  when  the  cars  are  coupled. 

The  Boiraull  apparatus  also  provides  for  the  automatic  coupling  of  the  train  pipes 
of  the  continuous  brake.  For  this  purpose  the  coupler  head  is  made  hollow, 
forming  a  channel  which  communicates  through  one  of  the  bearings  with  the  train 
pipe  of  the  car  by  means  of  a  flexible  hose  connection.  Finally,  the  opening  at  the 
end  of  the  channel  is  fitted  with  a  rubber  waj^her  similar  to  those  used  on  common 
hose  couplings,  which  prevents  leakage  (figs.  5  and  6). 

This  device  has  undergone  many  tests  and  has  been  tried  for  two  years  on  a 
number  of  freight  cars  on  the  French  State  Railways  and  has  always  worked  in  a 
perfectly  satisfactory  manner,  without  a  single  breakdown.  It  has  even  been  found, 
in  very  violent  collisions  in  the  course  of  switching  and  making  up  trains,  that  the 
buffers  and  end  sill  of  a  car  have  been  very  badly  damaged,  while  the  Boirault 
apparatus  has  not  suffered  in  the  least.  This  is  due  to  the  fact  that  the  flexibility  of 
the  spring  in  this  device  is  considerably  greater  than  that  of  the  buffer  springs  of  the 
c<irs. 


vo 


Digitized  by 


Google 


MISCELLANEOUS    INFORMATION 


[  656  .256.3  ] 

1.  —  Automatic  signals  in  Great  firitain  and  on  the  Ck>ntinent. 

{Raili'-ay  Age.) 

Two  reports  on  automatic  signalling  were  presented  to  the  International  Railway  Congress  at 
Washington.  One  was  by  Mr.  C.  H.  Piatt,  late  general  superintendent  of  the  New  York, 
New  Haven  &  Hartford  Railroad  (which  was  reprinted  in  a  condensed  form  in  The  Railrcay  Age 
of  October  21,  1904,  page  586)  (<),  and  the  other,  summarized  in  The  Railway  Age  of 
October  28,  1904,  page  614,  was  by  M.  Margot  of  the  Paris-Lyons- Mediterranean  Railway  of 
France  (*).  While  Mr.  Piatt's  report  contained  much  useful  information,  M.  Margott's  was,  in  ihe 
writers's  opinion,  the  better  report,  as  it  reviewed  the  pros  and  cons  of  the  subject,  noted  the 
disadvantages  and  drawbacks  of  the  system,  as  well  as  the  advantages  and  benefits,  and, 
weighing  both,  pronounced  a  careful  judgment. 

It  must  appear  a  remarkable  fact  to  American  railway  officers  that  so  little  progress  has  been 
made  in  automatic  signalling  in  other  lands.  On  the  continent  there  are  five  installations  : 
Auxerre-Laroche,  Par  is- Lyons-Mediterranean  of  France;  Bordeaux-Langon,  Midi  of  France; 
two  junctions  on  the  Ceinture  of  Pai'is;  Metropolitan  of  Paris;  one  on  the  Austrian  Southern. 
In  England  there  are  six  installations  :  Andover  Grately,  London  &  South  Western;  Alne-Thirsk, 
North  Eastern;  Woking-Basingstoke,  London  &  South  Western;  Liverpool  Overhead  Railway; 
Metropolitan  District  Railway ;  Great  Northern  &  City  Railway. 

Of  those  on  the  continent,  the  first  four  were  carried  out  by  the  continental  representatives  of 
the  Hall  Signal  Company,  and  that  in  Austria  was  locally  designed.  The  Hall  installations  are 
not  provided  with  track  circuits.  The  Metropolitan  of  Pans  is  an  electrically  operated  line. 
Each  station  is  provided  with  rear  and  advance  and  no  distant  signals,  which  were  originally  on 
the  normal  clear  plan,  but  were  subsequently  altered  to  normal  danger.  No  signal  can  be 
cleared  unless  the  preceding  train  hsis  passed  two  signals  in  advance,  so  that,  as  in  the  New  York 
subway,  each  train  is  protected  by  two  signals  at  danger. 

In  England,  the  Liverpool  Overhead  and  Metropolitan  District  are  electrically  operated  lines, 
the  lacter  having  recently  been  converted  from  steam  worked.  The  former  was  the  first  instal- 
lation in  England  and  was  designed  by  Timmis,  the  signals  being  operated  by  solenoids.     It  has 


(*)  Vide  Bulletin  of  the  Railway  Congress,  No.  9,  September,  1904,  p.  1003. 
(«;    —         —  —  —         No.  12,  December,  1904,  p.  1613. 
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no  track  circuit.  The  Metropolitan  District  was  signalled  by  the  Westinghouse  Company  and 
has  track  circuits.  The  signals  are  operated  on  the  electro-pneumatic  principle;  they  have  an 
oTeriap  of  300  feet  and  there  are  no  distant  signals.  The  Andover-Grately  and  Woking- 
Basingstoke  installations  are  electro-pneumatic  on  the  low  pressure  principle.  They  have  no 
overlap.  The  Alne-Thirsk  has  the  Hall  electro  gas  signal  and  has  an  overlap  of  1,200  feet. 
The  Great  Northern  &  City  was  signalled  by  Spagnoletti,  It  is  also  an  electrically  operated  lint* 
without  track  circuits,  and  the  signals  are  all  electric  discs.  Except  the  Alne-Thirsk  signals, 
which  are  normal  danger,  all  automatic  signals  in  England  are  normally  clear. 

These  figures  do  not  indicate  much  demand  lor  automatic  signals,  and  it  may  be  of  interest  to 
ascertain  the  cause  for  this.  Such  a  method  of  operation  is  generally  regarded  as  an  American 
institution,  so  it  may  surprise  many  to  hear  that  it  was  thought  of  in  England  as  long  ago  as  it 
was  in  America.  In  Mr.  Edward  C.  Carter's  report  to  the  Paris  congress  of  1900  (*),  it  was  stated 
that  the  earliest  application  of  this  class  of  apparatus  in  America  which  was  in  any  degret; 
successful  was  in  1871.  It  was  in  1872  that  W.  R.  Sykes  introduced  some  automatic  signals  on 
the  Metropolitan  District  Railway,  already  referred  to.  But  about  1850,  Tyer  developed  :i 
scheme  whereby  the  passage  of  a  train  out  of  a  section,  unlocked  the  signals  at  the  entrance  to 
that  section.  This  was  the  foundation  of  **  lock  and  block"  or  **  manual  control  "  —  a  kindred 
subject  to  automatic  signalling. 

In  October,  1860,  "William  Bull  filed  a  British  patent  by  which  track  cii^cuits  and  cab  signals 
were  anticipated.  He  proposed  to  make  the  rails  conductors  of  the  current,  so  that  the  train 
could,  at  certain  points,  be  communicated  with,  or  the  conductor,  or  driver  could  communicate 
with  another  train  or  station.  Portions  only  of  the  rails  would  be  insulated,  and  an  indicator  on 
the  engine  would  show  when  those  portions  were  being  traversed  and  also  register  the  distance 
traveled. 

The  system  introduced  by  Sykes  consisted  of  a  series  of  electrical  rail  contacts  which  caused  a 
disc  signal  to  be  put  to  danger  as  a  train  passed  it,  and  the  di.sc  signal  immediately  in  the  rear 
to  be  put  to  clear.  The  signals  consisted  of  a  fiied  lamp  with  a  movable  screen,  with  red  glass, 
so  that  a  red  light  was  shown  when  the  signal  was  at  danger,  and  a  white  light  when  the  signal 
was  cleared.  Such  an  arrangement,  by  the  way,  is  that  adopted  on  the  Metropolitan  of  Paris 
already  referred  to,  except  that  the  lights  shown  there  are  red  and  green. 

Nothing  came  of  these  arrangements,  and  no  automatic  signals,  except  experimental  ones 
subsequently  removed,  were  adopted  in  Great  Britain  until  1893,  and  a  few  years  later  on  the 
continent.  Various  causes  contributed  to  this,  so  far  as  Great  Britain  is  concerned,  and  these 
apply  generally  to  the  continent  also.  One  leading  factor  in  the  case  was  that,  wherever  a  tower 
was  provided,  there  were  generally  some  switches  to  be  operated.  Even  at  outlying  places, 
where  there  was  neither  a  station  nor  a  sidetrack,  it  was  customary  to  provide  a  crossover 
between  the  main  lines.  Towermen  were  required  to  advise  the  line  in  advance  of  the  approach 
of  trains,  to  intimate  the  class  of  train  (passenger  or  freight,  express  or  accomodation, 
special,  etc.),  to  take  any  action  necessary,  should  a  passenger  be  giving  signals  of  alarai,  any 
doors  be  open,  any  vehicle  on  fire,  any  journal  boxes  hot,  any  load  shifted  or  any  train  broken 
loose.  They  were  useful  in  sending  intimation  of  an  accident,  and  arranging  for  all  tratfic  being 
carried  on  one  line.     Towermen  were  also  required  to  advise  trainmen  how  following  trains 


(*)  Vide  Bulletin  of  the  Railway  Congress,  No.  12,  December,  1899,  p.  1543,  and  Proceedin/js  of 
the  sixth  session  (Paris,  1900),  vol.  V,  p.  XXV-3. 
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were  running,  and  to  give  instructions  for  one  train  to  sidetrack  to  allow  a  more  important  train 
to  pass.  In  connection  with  this,  it  must  be  remembered  that  the  train  dispatcher  does  not  exist 
in  England.  The  towerman  knows  how  trains  are  running  and  takes  action  on  his  own 
initiative. 

These  points  were  well  brought  out  by  M.  Margot,  who,  in  connection  with  that  feature  of  the 
service  a  towerman  can  render  in  case  he  sees  anything  wrong  with  a  passing  train,  quotes  the 
following  statistics  :  On  the  Paris-Lyons-Mediterranean,  from  Laroche  to  Dijon,  there  arc 
36  signal  towers  and  an  average  of  80  trains  in  both  directions  per  diem.  During  the  year  1901 , 
these  men  stopped  97  trains  for  the  following  reasons  : 

Lights  of  tail  lamps  (markers)  out 4 

Defective  couplings 28 

Jammed  brakes  and  hot  journal  boxes 26 

Carriage  doors  open  and  defective  loading SO 

Miscellaneous 19 

On  a  section  of  the  French  State  Railway  21  miles  in  length,  where  the  daily  average  number 
of  trains  is  76,  there  were  70  trains  stopped  during  the  year  1901 ,  60  of  them  because  the  lights 
of  the  tail  markers  were  out. 

On  the  Orleans  Railway,  with  14  signal  towers  and  1 10  trains  per  day,  there  were  70  trains 
stopped  during  the  same  period. 

For  such  contingencies  and  purposes  as  those  related,  the  human  agency  only,  and  not  a 
machine,  is  available.  Again,  there  was  not  the  same  need  as  in  America.  From  the  beginning 
of  railways,  there  had  been  men  whose  sole  duty  it  was  to  protect  the  movements  of  trains. 
These  were  originally  called  **  policemen  ",  who  displayed  red  or  white  flags.  When  semaphore 
signals  were  introduced,  they  operated  them,  and  subsequently  they  worked  the  block  system,  so 
that  the  question  of  providing  automatic  signals  as  an  alternative  to  providing  towers  and 
towermen  never  seriously  arose,  as  the  men  were  already  there.  Labor,  too,  was,  and  is, 
cheaper  in  England,  and  cheaper  still  on  the  continent,  and  as  stations  and  sidings  are  close 
together  (as  compared  with  the  vast  stretches  in  America),  so  there  was  no  difficulty  with  regard 
to  towermen,  repairmen  and  others  having  to  live  miles  from  any  civilization,  as  would  often  be 
the  case  in  America  if  the  railroads  were  protected  by  signals  operated  by  towermen. 

It  was  also  natural  that  British  railway  men,  belonging,  as  they  do,  to  such  a  conservative 
nation,  should  be  slow  to  move  and  to  abandon  old,  well  tried  ideas,  which  have  stood  the  te^^t  of 
time,  in  fa\ our  of  those  which  had  not  then  passed  out  the  experimental  stage  The  human 
agent,  it  was  true,  was  expensive,  but  it  was  reliable. 

But  one  of  the  leading  factors  that  have  militated  against  the  use  of  automatic  systems,  has 
andoubtedly  been  the  control  exercised  by  the  British  Board  of  Trade.  Such  oversight  is 
unknown  in  America,  and  consequently  there  is  greater  freedom  to  adopt  new  ideas,  besides  a 
natural  aptness  to  secure  labor  saving  devices.  But  in  Great  Britain  no  new  system  of  signalling 
may  be  adopted  until  has  been  approved  by  the  Board  of  Trade,  and  while  they  are  always  willing 
to  consider  any  proposals  and  will  give  encouragement  to  any  practical  idea  —  and  this  is  parti- 
cularly true  of  the  present  generation  of  inspection  officers  —  yet  they  naturally  are  cautious, 
and  will  not  give  the  mark  of  approval  to  any  new  method  of  working,  until  it  has  stood  the 
severest  possible  tests  under  all  the  various  conditions  likely  to  arise. 

Thc^re  is  the  same  difference  of  opinion  in  Great  Britain  as  in  America  as  to  the  merits  of 
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'*  normal  danger  "  and  **  normal  clear  ".  The  mention  of  the  fact  that  all  the  automatic 
signals  placed  in  England,  except  those  on  the  Alne-Thirsk  section,  are  normal  clear  may  have 
have  given  rise  to  a  wrong  conclusion.  In  England,  as  in  America,  the  normal  danger  patent  is 
held  bj  one  signal  company  and,  therefore,  it  is  natural  that  the  signals  placed  by  other  com- 
panies should  be  normally  clear.  This  year,  the  British  patent  herein  expires  and  then  any 
company  may  manufacture  them  on  the  normal  danger  principle.  As  the  question  will  then  be 
robbed  of  its  prejudices  in  part,  if  not  wholly,  a  right  decision  may  possibly  then  be  found.  As  in 
America,  there  are  rail-vay  officers  in  Great  Britain  who  advocate  '*  normal  danger  "  for  auto- 
matic signals,  on  the  ground  that  that  is  the  question  for  mechanically  operated  signals.  Also 
there  are  others  who  prefer  **  normal  clear  ' '  for  the  benefits  claimed  in  America  by  the  advocates 
of  that  principles  (fewer  circuits,  easier  inspection,  etc. '. 

Not  so  much  difference  of  opinion  exists  in  Great  Britain  as  to  the  **  overlap  **.  They  are 
provided  in  all  installations,  except  those  on  the  London  &  South  Western,  and  are  favored  by  the 
majority  of  British  officers.  Such  a  margin  of  safety  corresponds  with  the  standard  block  regu- 
lations which  do  not  allow  a  second  train  to  be  accepted  from  the  tower  in  the  rear  until  the  first 
one  has  gone  forward  on  its  journey. 

The  Westinghousc  signals  on  the  District  Railway  are  not  only  provided  with  an  overlap  of 
300  feet,  but  are  fitted  with  an  automatic  stop  similar  to  those  in  the  New  York  subway. 

There  is  one  feature  in  connection  with  automatic  signals  about  which  some  officers  feel 
uneasiness  and  that  has  relation  to  the  steps  to  be  taken  when  a  driver  finds  an  automatic  signal 
at  danger.  As  a  rule  he  must  stop  for  a  short  period  —  from  one  to  four  minutes  —  and  then 
proceed  •*  under  caution  ".  This,  they  fear,  may  one  day  lead  to  trouble,  and  especially  if  the 
signals  are  not  kept  in  the  highest  state  of  perfection.  If  not  well  looked  after,  they  will  be 
frequently  out  of  order,  and  that  will  often  lead  to  signals  being  passed  at  danger  and  drivers 
finding  the  section  clear.  This  will,  in  time,  lead  them  to  treat  signals  so  shown  with  less 
respect  and  to  travel  through  the  section  at  ordinary  speed,  and  some  day  it  will  be  found  that  the 
signal  was  **  on  '*  for  its  legitimate  purpose,  but  too  late  to  avert  a  disaster.  These  fears  are  no 
doubt  exaggerated,  but  they  indicate  the  state  of  mind  of  some  British  officers. 

Further,  automatic  signals  are  an  expensive  item,  and  where  mechanically  operated  signals 
already  exist  —  and  they  are  in  use  on  every  line  opened  for  traffic  —  their  introduction  can  only 
be  justified  when  the  expense  can  be  recouped  by  economies  effected  by  signal  towers  being  closed 
and  operators  dispensed  with.  These  case  are,  however,  rarer  than  is  generally  imagined.  The 
average  cost  in  England,  including  fitting  the  track  circuit  and  running  line  wires,  is  about 
$500  per  arm,  or  §1,000  for  a  2-arm  signal,  while  the  maintenance  is  high,  varying,  according 
to  Mr.  Piatt's  report,  from  $60*  13  to  §103-57  per  arm  a  year.  Then  each  signal  has  to  bear  an 
annual  charge  of  §10  per  arm  for  lighting,  and  in  England  there  are  also  fogging  expenses.  In 
the  case  of  new  lines  as  yet  unsignalled,  it  is,  no  doubt,  much  cheaper  to  provide  automatic  signals, 
instead  of  equipping  the  road  with  signal  towers,  operators  and  mechanical  signals.  But  new 
lines  are  most  uncommon  now  in  Great  Britain,  and  the  question  will  nearly  always  have  to  be 
considered  in  relation  to  existing  lines  where  there  are  already  signal  towers  and  signals.  These 
have  been  paid  for,  and  naturally  there  is  little  switching  and  where  the  chief  duty  of  the  operator 
is  to  work  the  block  instruments  and  signal  trains,  these  men  may,  if  automatic  signals  be 
provided,  be  taken  out  of  the  towers,  and  need  only  go  in  when  any  switching  has  to  be 
performed.  Such  cases  will  appeal  to  railway  managers,  but  it  takes  a  good  many  such 
economies  to  pay  for  automatic  signals  in  Great  Britain. 

Let  it  be  imagined  that  they  are  installed  on  a  British  road,  on  a  stretch  of  double  track  20  miles 
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in  length,  witJi  signals  a  mile  apart.     This  would  require  forty  2-arm  signals,  or  80  arms  in  all, 
which  would  cost,  say,  $40,000.     The  annual  charges  would  be  : 

Interest  at  4  per  cent  on  $40,000 $1,600 

Sinking  fund  for  renewal  in  20  years  ($40,000  X  $0-033) 1,320 

Lighting  80  signals  at,  say,  $  10 800 

Fogging  40  distant  signals,  at  say,  $5 200 

Maintenance  of  80  signals,  at  say,  $75 6,000 

Total.     .     .       $9,920 

The  average  pay  for  a  British  towerman  is  $5*50  per  week  —  $286  per  annum  —  to  which 
may  be  added  $  14  for  his  uniform,  vacation  payment,  et^.,  making  $300  in  all,  so  that  it  would 
require  66  operators  to  be  dispensed  with  to  justify  this  expense. 

Track  circuits  are  giving  better  results  in  Great  Britain  than  was  anticipated.  Some  years  ago, 
leakage  was  caused  through  contact  with  tha  ballast,  and  there  have  been  at  least  three  cases 
where  engines  have  stood  upon  sand  without  short  circuiting  the  current.  These,  however,  can 
l»e  met,  the  one  by  better  attention  by  trackmen,  and  the  other,  possibly,  by  instructing 
t^nginemen  not  to  stand  upon  sand  or  to  see  that  some  wheel  of  the  engine  is  on  the  bare  rail. 
But  some  British  companies  find  that  their  rolling  stock,  if  pushed  on  to  a  section  of  track  circuit 
and  net  taken  by  an  engine,  fails  to  short  circuit,  and  it  was  to  this  that  Colonel  Yorke  referred  in 
the  discussion  at  the  Washington  congress  (^),  when  he  said  he  had  always  been  a  strong  advocate 
of  track  circuits,  but  he  had  observed,  at  least  in  English  practice,  that  some  cars  with  two  axles 
<lo  not  invariably  complete  the  circuit  and,  consequently,  do  not  operate  the  signals.  This  has 
greatly  shaken  his  faith  in  the  efficiency  of  automatic  systems  depending  on  a  trajck  circuit.  This 
feature  is  in  addition  to  the  deficiency  arising,  front  rusty  rails  and  rusty  wheels,  also  from  the 
well  known  difficulty  associated  with  wheels  with  wooden  discs  between  the  axle  and  the  tire. 
In  England  it  is  considered  that  it  should  also  be  a  certainty  that,  when  the  sectionmen  put  their 
trolley  on  the  rails,  the  signals  protecting  the  section  are  at  danger,  so  as  to  render  flagmen 
unnecessary.  In  America  a  different  opinion  exists,  but  in  England  protection  is  called  for  by 
rule :  yet  it  has  been  found  that  automatic  signals  do  not  respond,  and  if  absolute  confidence 
cannot  be  obtained,  then  flagmen  must  be  sent  out  to  protect  the  trolley  in  the  rear,  a  service  that 
ought  not  to  be  demanded  where  there  are  automatic  signals. 


[  Oai  .135.5  (.01  1 

2.  —  ComparatlTt  t«fit  of  largt  loeomolhre  air  pumps. 

Figs.  1  to  7,  pp.  1332  and  1333. 
{The  Railxjoay  Age.) 

When  the  locomotive  air  pump  was  first  invented,  the  degree  of  prominence  that  apparatus 
was  destined  to  attain  in  the  conduct  of  railway  transportation  was  not  foreseen.  Since  the  advent 
of  air  brakes  numerous  designs  of  air  pumps  have  been  brought  out,  each  answering  its  intended 


(*)  Vide  Bulletin  of  the  Railway  Congf^ess,  No.  7,  September,  1905,  p.  1959. 
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purpose,  but  during  these  years  of  pump  development,  the  chi^  eflforts  have  been  centered  in 
designing  apparatus  occupying  little  space,  light  in  weight  and  of  sufficient  air  producing  capa- 
city to  supply  the  needs,  these  desiderata  being  looked  upon  as  of  greater  importance  than 
designs  contributing  to  steam  economy. 

With  the  advent,  however,  of  high  speed  brakes,  long  trains  of  air  braked  cars  and  numerous 
**  parasites,"  such  as  bell  ringers,  track  sanders,  water  scoops,  air  pressure  for  Pullman  cars^ 
and  other  accessories  on  engines  and  cars,  all  contributing  through  operation  and  leakage  to 
exactions  on  the  air  pump,  there  has  been  created  a  demand  for  pumps  of  great  air  producing 
capacity  until  a  stage  of  steam  consumption  has  been  reached  the  result  of  which  is  a  serious 
drain  upon  the  coal  pile. 

Table  1. 


Comparative   test   of  locomotive   air  pumps. 
Working  agabist  constant  pressure. 


Sertnl  number  of  test 
Style  of  pump  .     .    . 


6-* 


W.C. 

a 


6-10 


N.  Y. 


6-11 

W.C 
0. 


6-12 


N.  Y. 

5D.  P. 


So 


613 


W.C. 
C. 


6-14 

N.  Y. 

5  I).  P. 


aO 


Steam  pressure 

Coastaul  oar  pressure  pumped  afainst. 

Cubic  feet  free  2rir  pumped     .... 

Dunuiott  of  test,  raiuutes  and  seconds. 

Cubic  feet  free  air  pumped  per  minute  . 

Cycles  per  miuute 

Weiifht  of  steam  used,  pounds    .     .     . 

Steam  per  100  c«bic  feet  free  air,  pounds 

Cubic  feet  free  air  per  pound  steam 

Volometric  efficiency,  i>cr  cent     .     .     . 

Temperature,  degrees  Fahrenheit  : 

At  pump  discharge  : 

luitial 

Final 


In  first  of  three  connected  reservoirs 

luitial     . 

Filial 

Atmosphere  \ 


175 
130 
616-8 
5-13-2 
107-9 

55-1 
124-5 

20-2 
4-96 

860 


320 
400 


140 
169 

75 


175 
130 
616-8 
8-32 

72-3 

47-1 
251  0 

40-7 
2-46 

68*4 


320 
470 


166 
190 


76 


... 

175 

... 

100 

... 

625-4 

49-2 

4-43-4 

49-2 

132-4 

64-8 

101-6 

110-8 

101-6 

17-7 

101-6 

5-66 

25-8 

89-6 

29S 

384 

172 

.— 

ltf4 

- 

74 

175 

ia> 
6r>-4 

6-14-2 
100-3 
502 
206-3 
33-0 
3-03 
75-5 


370 
470 


32-1 
32-1 

86- i 
F6-2 
2 

18-7 


185 
205 

78 


175 
70 

534 
3-31 

151 
73 
85 
16 
6 
90 


S»»0 
368 


196 

206 


175 

70 

534-8 
4-22-2 
122-4 

65-9 
155-5 

29-1 
3-44 

82-8 


440 


194 
206 

79 


23-9 
23-9 

81*4 
81-4 
81-4 
9-6 


It  is  a  generally  accepted  belief  that  the  Westinghouse  11 -inch  pump  was  of  ample  capacity  to 
soppJj  air  for  all  conditions  of  train  senricc,  bat  when,  a  year  or  more  ago,  the  New  York  Air 
Br^ke  Company  placed  upon  the  market  a  duplex  pump  of  considerably  greater  capacity  than 
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the  11-inch  pump,  it  was  received  by  manj  railroad  men  with  much  favour,  being  looked  upon  as 
an  apparatus  more  capable  of  meeting  modern  requirements  than  any  of  its  predecessors 

It  is  evident  that  the  sentiment  of  those  using  air  pumps  is  in  the  direction  of  abnormal  air 
capacity,  as  compared  to  former  practice,  and,  to  those  skilled  in  the  art,  that  the  combination 
of  such  capacity  and  steam  economy  cannot  be  obtained  with  simple  pumps.  The  Westinghouse 
Air  Brake  Company,  therefore,  hns  produced  a  pump  of  superior  capacity  as  compared  to  any 
heretofore  used  on  locomotives,  and  with  a  factor  of  ?team  economy  far  in  excess  of  anything 
previously  attempted. 

Table  2. 


Comparative  lest,  of  locomotive  air  pumps. 
Working  against  increasing  pressure  as  in  charging  reservoirs. 


Seruil  number  of  lest 

715 

7-18 

1" 

ad 

7-16 

7- 19 

1=^ 

717 

7-20 

1- 

ad 

Style  of  pump 

W. 

C.C. 

N.  Y. 
5D.P. 

(5 

W. 

C.C. 

N.  Y. 
5 1).  P. 

0. 

w. 

C.C. 

N.  Y. 
5  I).  P. 

1^ 

Steam  pressure 

150 

150 

150 

150 

150 

150 

Initial  air  pressure 

30 

30 

30 

30 

... 

30 

30 

Final  air  pressure 

70 

70 

ICO 

lai 

... 

130 

130 

... 

Cubic  feet  free  air  pumped 

98-9 

98-8 

173-1 

173-0 

247-3 

247- 1 

... 

Duration  of  test,  minutes  and  seconds.     . 

0-46 

0-55 

1-J6-4 

1-47 

2-21 

3-(l8 

Total  cycles 

52 

57 

95 

98 

137 

1.54 

Weight  of  steam  used,  pounds    .... 

15 

?9 

?9  5 

52-8 

.. 

44 

85-3 

Required  to  compress  100  cubic  feet  free 
air  from  initial  to  final  pressure  : 

Time,  seconds 

4G-5 

55-6 

19-7 

49-9 

61-9 

24-0 

57-0 

76-1 

33-4 

Steam,  pounds 

15-2 

29-3 

93r> 

17-0 

30-5 

79-0 

17-8 

34-5 

93-9 

Temperature,  degrees  Fahronlieit  : 

At  pump  discharge  : 

Inilinl 

2&4 

J80 

255 
293 

275 

330 

302 
MA 

350 
400 

Final 

In  first  of  three  connected  reservoirs  : 

Initial ... 

165 

16? 

..., 

ICO 

162 

1.59 

174 

■  Final 

no 

76 

168 

78 

: 

172 
75 

170 

78 

175 
77 

K'O 
78 

Atmosphere 

The  advent  of  this  pump  has  created  no  little  interest  and  favourable  comment  on  the  part  of 
railway  officers  who,  upon  investigation,  recognized  its  simplicity,  capacity  and  economical 
qualities.  With  a  view  of  determining  in  a  practical  way  the  capabilities  of  this  type  of  air 
compressor,  a  comparative  test  of  the  Westinghouse  compound  and  the  New  York  No  5  duplex 
pumps  was  somewhat  recently  made  by  the  Lake  Shore  &  Michigan  Southern  Railway.     The 
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schedule  of  tests  was  prepared  and  conducted  by  the  engineering  department  of  the  road  under 
the  dii-ection  of  the  chief  mechanical  officers,  there  being  present  during  the  demonstration 
several  prominent  air  brake  experts  of  the  road,  as  well  as  representatives  of  the  two  air  brake 
companies. 

Tabi.b  3 


Comparative  test  of  locomotive  air  pumps. 
Orifice  tests. 


Serial  iiumbei  of  test  .... 
^t\le  of  pump 

Orillcc  iu  diuphnigm  : 

Diameter,  iuehes    .... 
Area,  square  iiiohes  .     .     . 

Steum  pressure  ...  .     . 

luiliul  air  pressure.     .  .     , 

Fiuul  air  pressure 

Doratiou  of  test,  miuutes     .     . 

Cycles  per  miuute 

<team  used  per  miuute,  lb.    .     . 

Temperature,  degrees  Fahrenheit 

At  pump  disfharv'e  : 

luitial 

Final 

Iu  reservoir  : 

luiiial 

Fiuai 

Atmokpliere 


7  21 


W.  C. 
C. 


in 


N    Y. 
5  I).  P. 


7  29 


\v.  C. 
C. 


7-23 


W.C. 
C. 


7-24 


N.  Y. 
51>.  P. 


W.C. 

C. 


7-20 


N.  Y. 
5  I).  P. 


•(^5420 
200 
118 
120 
2 
67 
25-6 


242 

296 


HI 
122 


•0:,5420 
200 

la) 

102 
2 

66-5 
40-6 


310 
360 


126 
137 

72 


•0654  >0 

156 

100 

100 

2 

57-5 
19-3 


400 
417 


234 
236 


•060227 

200 

100 

104 

2 

73-5 
27-9 


300 

340 


140 
153 

73 


•009227 
200 


88 
2 

69-5 
43-8 


360 
420 


163 
172 


»/«4 

•  10H34 
200 
70 
73 
2 
81-5 
29-4 


301 
346 

170 
179 

72 


•101434 
2fX) 
63 
63 
2 
75-0 
40-5 


410 

430 


180 
190 

72 


To  what  extent  the  eflforts  of  the  Westinghouse  Air  Brake  Company  have  proved  successful, 
is  presented  in  the  performance  of  their  8  74-in«^h  cross  compound  pump,  a  partial  record  of  which 
is  presented  herewith  in  a  series  of  tables  and  a  number  of  diagrams  plotted  from  the  data  found 
therein.  The  tables  and  diagrams  are  self  explanatory  and  clearly  show  the  superiority  of  the 
Wostinghou.se  pump,  both  in  economy  and  capacity. 

A  very  complete  apparatus  was  employed  for  the  tests,  making  entirely  practical  a  comparison 
of  air  delivered,  steam  consumed,  temperature  of  both  free  and  compressed  air,  as  well  as  the 
g-eneral  working  of  the  pumps  during  the  experiments,  the  apparatus  used  being  arranged  as 
shown  in  the  accompanying  sketch. 

A  locomotive  boiler  furnished  the  steam.  The  steam  passed  through  a  covered  receiver, 
which  furnished  a  means  for  controlling  the  pressure  and  also  served  as  a  separator.  The 
exhaust  steam  from  the  pumps  was  condensed  in  a  surface  condenser  and  weighed  in  the  barrel 
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arranged  as  shown.  The  delivery  pipes  of  the  pumps  were  connected  to  the  constant  pressure 
reservoir  No.  3,  the  orerflow  from  it  being  alternately  measured  in  the  measuring  reservoirs 
Nos.  I  and  2.  In  arranging  the  pumps  and  reservoirs,  an  effort  was  made  to  have  the  pipe 
volume  of  each  pump  the  same.  The  difference  was  slight,  the  Westinghouse  pump  having  the 
larger  volume.  Thermometers  were  inserted  in  the  delivery  pipes  near  the  discharge  valves  of 
the  two  pumps  and  in  reservoir  No.  3.  Pressure  gauges  were  attached  to  reservoirs  Nos.  1, 
2  and  3  and  to  the  steam  receiver.  The  strokes  of  the  pumps  were  taken  with  an  ordinary  reci- 
procating counter.  The  whole  apparatus  was  arranged  so  that  the  conditions  were  almost 
identical  for  both  pumps,  thus  avoiding  the  necessity  of  making  corrections  for  observations. 
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Fig.  1.  —  Comparative  test  of  air  pumps. 

The  New  York  No.  5  duplex  pump  has  two  8  x  12-inch  steam  cylinders  and  8  and  12  X  12-inch 
air  cylinders;  the  Westinghouse  compound  has  8  */«  and  14  V»  X  12-inch  steam  cylinders  and 
9  and  14  Vi  X  12-inch  air  cylinders  The  New  York  duplex  pump  takes  in  free  air  at  both  air 
cylinders,  one  piston  resting  while  the  other  is  in  motion ;  the  Westinghouse  compound  takes  free 
air  at  the  low  pressure  air  cylinder  only,  both  pistons  being  in  motion  at  the  same  time  but 
moving  in  opposite  directions. 

The  piston  displacement  of  the  compound  for  one  cycle  or  revolution  is  1*43  per  cent  greater 
than  that  of  the  duplex. 

The  order  in  which  the  tests  were  made  is  given  in  the  tables.  The  figure  preceding  the 
decimal  point  is  the  day  of  the  month,  and  the  number  after  the  decimal  point  L«  the  order  of  the 
test  on  that  day.     The  tests  have  been  divided  into  three  classes  as  follows  : 

1°  Efficiency  and  capacity  tests  with  pumps  working  against  constant  preseure;  the  results  of 
some  of  these  are  shown  on  table  I ; 

2®  Efficiency  and  capacity  tests  with  the  pumps  working  against  increasing  pressure,  as  in 
charging  reservoirs.     5e6table2; 

3"  Efficiency  and  capacity  tests  with  the  pumps  working  against  an  approximately  constant 
pressure,  an  orifice  in  a  diaphragm  being  used  to  approximate  the  amount  of  air  delivered;  soine 
of  these  are  shown  on  table  3. 
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Comparative  test  of  air  pumps. 
Power  required. 
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In  all  these  tests,  the  pumps  were  working  at  full  capacity,  except,  in  one  instance  (see  table  3, 
serial  number  of  test  7-29,',  in  which  the  Westinghouse  cross  compound  was  made  to  deliver  the 
same  quantity  of  air  as  the  New  York  No.  5  by  throttling  the  steam ;  while  this  test  was  being 
made  the  steam  pressure  in  the  receiver  dropped  to  156  pounds.  In  the  increasing  pressure  or 
charging  reservoir  tests,  a  partial  log  of  which  is  shown  in  table  3,  the  reservoirs  were  of 
slightly  different  capacities,  due  to  the  difference  in  piping,  v'.z.  :  36-3523  cubic  feet  for  the 
Westinghouse  8  '/j-inch  cross  compound  and  36-3211  cubic  feet  for  the  New  York  No.  5  duplex 
pump.  In  calculating  the  units  of  comparison,  time  and  steam  per  100  cubic  feet  of  free  air, 
this  reservoir  difference  was  considered  but  was  too  small  to  be  noticed.  The  initial  pressure  in 
these  tests  was  30  pounds  in  each  case,  increasing  to  70,  100,  130  and  140  pounds,  this  minimum 
pressure  being  select^id  owing  to  the  excessive  pounding  of  the  heads  of  the  New  York  duplex,  a 
condition  which  largely  prevailed  when  the  pump  was  working  against  low  air  pressures. 

In  this  connection,  it  may  be  said  that  the  Westinghouse  compound  worked  very  quietly, 
regardless  of  either  high  or  low  air  or  steam  pressures,  the  tendency  to  pound  being  absent  even 
when  the  throttle  was  thrown  wide  open  with  a  high  boiler  pressure  and  with  little  or  no  air 
pressure  in  the  charging  reservoirs.  This  is  of  special  importance  owing  to  the  **  racing  '*  of 
pumps  against  low  pressure  being  responsible  for  a  large  portion  of  the  failures  of  pumps  of  the 
simple  and  duplex  types. 

The  comparative  diaphragm  tests,  shown  in  table  3,  were  made  to  illustrate  the  same  points 
brought  out  in  the  comparative  efficiency  and  capacity  tests,  many  railroad  men  being  more 
familiar  with  this  method  of  comparing  air  pumps.  These  tests  also  serve  as  a  check  on  the  other 
results  wiien  the  pumps  were  working  under  siniil.ir  conditions. 

As  no  accurate  formula  is  known  for  the  flow  of  air  through  nn  orifice,  the  results  of  this 
group  can  hardly  be  considered  comparative.  In  all  of  these  tests,  except  7*29,  the  pumps  were 
working  to  their  maximum  capacity,  and  although  it  is  true  that  both  were  discharging  through 
the  same  size  of  orifice,  the  higher  pressure  maintained  by  the  Westinghouse  pump  throws 
additional  work  on  it.  and  this  is  not  fully  shown  by  the  amount  of  air  discharged.  Test  7*29, 
table  3,  was  made,  however,  in  an  effort  to  make  the  work  of  the  Westinghouse  equal  to  that  of 
the  New  York  pump  in  test  7  22  and  to  compare  the  steam  consumption.  The  Westinghouse 
pump  was  therefore  throttled,  so  that  boih  pumps  maintained  approximately  the  same  air 
pressure  whi  e  discharging  through  the  same  orifice,  with  the  result  that  the  New  York  pump 
used  1 10  per  cent  more  steam  than  the  Westinghouse  This  test  also  brings  out  the  fact  that  to 
do  the  same  work  the  Westinghouse  pump  required  156  pounds  boiler  pressure,  whereas  the 
New  York  required  200  pounds. 

In  the  temperature  tests  both  pumps  were  run  to  their  maximum  capacity,  the  compound 
pumping  against  a  '»/, 4-inch  orifice,  the  duplex  supplying  a  ^'/ci-inch  orifice,  resulting  in  a 
decidedly  higher  temperature  for  the  former  than  would  have  been  the  case  hnd  each  pump 
supplied  the  same  volume  of  air.  The  results  of  the  tests  have  been  plotted  in  the  form  of 
curves  and  are  shown  on  one  of  the  diagrams. 

The  temperature  of  the  Westinghouse  compound  pump  was  much  lower  than  that  of  the  New 
York  duplex  pump  for  an  equal  interval  between  tests;  this  and  the  tendency  of  the  New  York 
pump  to  heat  rapidly  made  it  difficult  to  start  it  at  a  low  temperature,  which  could  only  have 
been  done  by  long  delays  between  tests.  To  compensate  for  this,  the  compound  was  run  a 
considerable  time  before  starting  the  temperature  tests,  in  order  to  get  its  temperature  equal  to 
that  of  the  New  York  pump. 

The  efficiency  and  capacity  features  of  the  first  and  second  class  of  tests  have  been  plotted. 
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forming  curves  which  show  these  results  in  condensed  form  and  convenient  for  i*eference.  In 
addition,  several  curves  have  been  derived  from  the  results  of  these  tests  in  connection  with  tests 
of  another  character;  thus  the  curves  showing  the  cost  of  fuel  for  a  ten  hour  run  with  various 
lengths  of  train  are  based  on  5505  cubic  foot  of  free  air  per  minute  per  car  and  6  */j  pounds  of 
steam  per  pound  of  coal,  investigation  having  shown  these  figures  to  be  very  nearly  correct. 

It  is  worthy  of  notice  that  the  New  York  duplex  piston  speed  is  twice  that  of  t:  e  Westinghouse 
compound  for  th'e  same  number  of  strokes  per  minute,  due  to  the  fact  of  one  piston  resting  while 
the  other  is  in  motion. 

The  simplicity  of  the  compound  pump  will  be  appreciated  when  it  is  stated  that  the  valve 
gear  is  practically  the  same  as  that  of  the  9  Vs-inch  and  1 1 -inch  Westinghouse  pumps.  The  high 
pressure  steam  piston  with  its  hollow  rod  contains  the  reversing  rod,  which  operates,  the 
revei'sing  valve,  and  it,  in  turn,  the  main  valve,  which  controls  steam  admission  to  and  exhaust 
from  both  the  steam  cylinders. 

The  low  pressure  steam  and  high  pressure  air  pistons  are  connected  with  a  solid  piston  rod, 
having  no  connection  with  the  valve  gear,  being  simply  floating  pistons. 

The  results  of  these  comparative  tosts  were  of  a  character  to  prove  the  superiority  of  the 
compotuid  over  its  competitor  in  every  respect,  and  such  was  the  consensus  of  opinion  of  those 
witnessing  the  demonstrations. 

It  was  also  made  evident  that  when  Mr.  Westinghouse  designed  and  patented  a  compound  air 
pump  in  1873  he  foresaw,  even  while  the  air  brake  was  yet  in  its  infancy,  that  at  some  remote 
period  steam  economy  must  become  a  ruling  consideration  in  locomotive  air  pump  operation, 
ai:d  to  judge  from  the  strenuous  eiforts  of  railways  in  the  direction  of  such  economy,  it  would 
seem  that  the  time  has  now  arrived. 


(  6i$6  .212.8  ] 

3.  —  Weighbridge  for  determining  the  loads  on  the  different  wheels  of  locomotives 
and  other  rolling  stock,  with  common  raising  mecanism,  on  the  Zeidler  system. 

Figs.  8  to  12,  pp.  133G  to  1338. 
[Off/an  fur  die  FoiUchrittc  des  Eisenbahnwesent.) 

I.  —  Description. 

The  weighbridge  includes  (fig.  8)  : 

1®  The  platform  M  with  the  column  S;  it  is  supported  at  one  side  on  the  knife-edge  n,  at  the 
other  on  the  rollers  R ;  then  it  has  two  bearings,  the  height  of  which  can  be  adjusted  by  means  of 
-wedges  and  screws,  for 

2**  The  one-armed  lever  or  scale-arm  VV,  taking  the  load;  and 

3*^  The  two-armed  lever  V,  which  forms  the  steelyard  and  rests  on  the  top  of  the  column  S. 

The  two  levers  are  kept  in  place  by  their  own  weight;  they  resume  the  position  of  equilibrium 
even  when  not  loaded.     They  must  consequently  be  adjusted  each  time. 
The  raising  mechanism  consists  of : 

!<>  The  cam-shafts  L,  which  form  one  connected  whole,  and  are  supported  in  bearings  close  to 
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Fig.  8.  —  Operated  by  compressed  air. 


Fig.  9.  —  Operated  by  hand,  by  means  of  a  handwhecl  and  screw. 
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and  along  the  r?iils.  The  cams  are  formed  by  longitudinal  grooves  cut  into  the  circumference  of 
the  shaft ; 

2®  The  levers  H  which  are  keyed  on  to  the  cam-shafts ; 

3°  The  mechanism  A  which  operates  these  levers.  They  may  be  worked  by  hand,  by  com- 
pressed air,  by  hydraulic  power,  by  steam  or  by  electricity,  as  local  conditions  and  requirements 
may  render  advisable.  Examples  are  shown  in  figures  8.  9  and  12;  8  is  worked  either  liydrau- 
lically  or  by  compressed  air,  by  means  of  a  piston  and  cylinder;  in  9  a  handwheel  and  screw  are 
used ;  and  in  12  a  lever  is  operated  by  hand. 


Fig.  12.  —  Opferated  by  hand,  by  means  of  lever. 

Each  scale  is  operated  on  one  side,  by  the  rollers,  on  a  longitudinal  rail  *,  and  on  the  other, 
by  its  knife-edge,  on  the  cams  of  shaft  L ;  so  that  when  this  is  turned,  it  is  raised  or  lowen.'d  on 
this  side. 

The  beams  /*  and  the  rods  /  (fig.  9)  connect  the  two  cam-shafts  L;  these  are  close  against  the 
sides  of  the  pit  so  as  to  leave  its  cross-section  clear  over  its  whole  length. 

If  it  is  intended  to  determine  the  loads  on  the  wheels  with  the  coupling  rods  and  connecting 
rods  in  different  positions,  it  is  necessary  to  be  able  to  turn  the  wheels.  In  this  case,  the  frame 
of  each  scale  is  fitted  on  the  right  and  left  sides,  close  to  the  track  rail,  with  a  support  which  rests 
on  the  cam-shaft;  this  can  move  with  the  scale,  and  on  it  is  a  jack,  operated  by  means  of  a 
handwheel  artd  an  endless  screw,  which  can  be  turned  down  outside  the  track  when  the  locomotive 
runs  on  to  or  oflfthe  weighbridge. 

These  jacks  can  also  be  supplied  separately  and  then  fitted  to  the  scales. 

II.  —  Operation. 

As  soon  as  the  locomotive  is  in  place,  a  scale  is  placed  under  each  wheel  and  the  clearance 
between  the  lower  edge  of  the  wheels  and  the  scale-arm  is  taken  up  by  means  of  the  wedges  and 
screws  mentioned  above.  Then  by  means  of  the  mechanism  described  under  3<*,  the  cam-shafts  L 
are  turned  a  little,  and  this  raises  all  ilie  wheels  from  the  track,  equally  and  simultaneously;  it 
is  now  possible  to  take  the  weighings.  Finally,  the  wheels  are  lowered  again  on  to  the  rail  by 
the  opposite  movement,  and  the  w^^dges  are  drawn  back  by  means  of  the  screws,  so  that  the 
wheels  are  again  clear  of  the  scab-arms.  The  locomotive  can  then  be  removed  without 
difficulty. 
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ni.    —    USB  OP   LBVER   OPERATED   BY   HAND. 

In  the  case  of  the  weighbridge  described  above,  one  common  raising  mechanism  raises  and 
lowers  all  the  wheels  simultaneously  (figs.  8  and  9;.  Instead  of  this,  each  separate  scale  may 
be  fitted  with  a  lever  K  and  a  handle  k  (fig.  12),  the  camshaft  and  its  bearings  being  absent, 
n  the  handles  k  are  pressed  down,  the  levers  K  are  also  pressed  down.  The  raising  and  lowering 
of  all  the  wheels  is  then  efiTected  by  the  simultaneous  operation,  on  a  word  of  command,  of  all  the 
handles;  that  is,  in  the  same  way  as  in  the  case  of  the  well-known  Ehrhardt  weighbridges.  In 
this  simple  form,  the  system  described  is  a  good  substitute  for  the  Ehrhardt  system  exclusively 
used  up  to  the  present.  The  weighbridge  for  sepai*ate  wheels  has  the  arrangement  described 
above  and  also  its  advantages  :  the  two  levers  are  well  supported,  there  is  proper  equilibrium, 
even  when  no  load  is  on.  Such  a  weighbridge  is  not  heavy  and  is  as  portable  as  the  Ehrhardt 
type;  it  is  operated  in  the  same  way.  In  this  case  also,  the  jacks  mentioned  at  the  end  of  part  I 
can  be  used  if  the  wheels  are  to  bo  turned;  they  can  form  an  integral  part  of  the  machine  or  else 
be  supplied  separately  and  fitted  to  the  scales. 


[  62)$  .245  ] 

4.  —  Whitewashing  car  used  on  the  Central  London  Railway. 

Fig.  13,  p.  1339. 
(The  Railway  Gazette.) 

The  car  shown  in  the  accompanying  photograph  (fig.  13)  is  used  for  the  whitewashing  the 
tunnels  of  the  Central  London  Railway.     It  is  a  motor  car  which  has  been  converted  for  the 


Fijs'.   13.    —  Whitewashing  car— Central  London  Railway. 
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purpose.  At  one  end  is  the  motor  for  driving  the  car,  while,  at  the  other  end,  on  a  circular 
frame,  are  arranged  a  large  number  of  pipes,  each  terminating  in  a  double  branch.  The  nozzles 
of  these  branches  are  so  placed  as  to  distribute  the  liquid  ejected  from  them.  The  seats  inside 
the  body  of  the  car  have  been  removed  and  their  place  taken  bj  a  tank  for  the  whitewash  liquid 
of  about  800  gallons  capacity.  From  this  tank  a  pipe  connects  with  an  electric  driving  pump, 
and  this  pump  again,  by  a  main  pipe,  connects  with  all  the  branches  fixed  on  the  rear  end  of  the 
car.  The  whitewashing  process  is  extremely  simple.  The  car  travels  along  the  tunnels  at  the 
rate  of  about  4  miles  an  hour  and  the  electric  pump  forces  the  liquid  out  of  the  pipes  and  sprays 
it  on  the  roof  and  sides  of  the  tunnel.  About  three  applications  of  whitewash  are  suflScient  to 
properly  coat  the  walls.     Thus  the  work  is  both  quickly  and  economically  performed. 


[  62.(01  &  625  .1  (01] 


6.  —  Experimental  track  for  trials  of  superstractares  and  baUast. 

Fig.  14,  p.  1340. 
{ZHtung  dM  Vereint.) 

A  track  of  this  kind  will  shortly  be  constructed  by  the  Berlin  Royal  Railway  Directorate,  in  the 
royal  forest  near  Oranienburg.  It  will  be  connected  with  Oranienburg  railway  station  by  a  line 
2*5  kilometres  (1  '6  mile)  long  and  will  have  the  shape  shown  in  figure  14.  Its  total  length  will  be 
1,756  metres  (1  mile  160  yards);  the  two  straight  sections  will  have  a  length  of  250  metres 
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Fig.  14. 

(273  yards)  each,  and  the  length  of  each  of  the  two  curves,  of  200  metre  (10  chain)  radius,  will 
be  628  metres  (687  yards).  It  is  proposed  to  begin  by  testing  four  different  types  of  track  : 
1^ rails  86  with  ordinary  suspended  joints;  2^  rails  ^d  with  suspended  lapped  joints;  3^  track 
with  Haarmann  strengthened  joints;  4®  rails  8c  with  Becherer  and  Kniittel  joints.  These  four 
types  of  track  will  be  arranged  so  that  each  of  them  has  the  same  amount  of  straight  and  of  curve ; 
moreover  each  type  will  be  laid  on  oak,  on  beech,  and  on  iron  sleepers,  and  also  on  pine  sleepers 
with  hard  wood  treenails.  Each  of  these  four  kinds  of  sleepers  will  be  supported  on  gravel  and 
on  broken   stone  ballast  from  different  places.     Two  electrically  driven  motor  cars,  twelve- 
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wheeled,  are  to  be  used  in  the  trials.  The  energy  is  supplied  as  monophase  alternating  current, 
at  6,000  volts  and  a  frequency  of  25,  by  the  Electrizitats-  imd  Wasserwerh  Oranienhurg,  The 
whole  installation  will  probably  be  ready  for  use  by  July  1 ,  1906. 


[  6t$6  .281  ] 

6.  —  The  accident  at  SaUsbnry. 

[The  Railway  Times.) 

The  deplorable  accident  to  the  American  boat  express  which  occured  in  the  small  hours  of  last 
Sunday  morning  on  the  London  and  South  Western  Railway  at  Salisbury  is  one  of  the  gttivest 
events  which  we  have  had  to  chronicle  since  the  collapse  of  the  Tay  Bridge  on  December  28,  1879. 
It  is  gratifying  to  record  that  the  newspaper  press  generally  has  expressed  much  sympathy  with 
the  South  Western  Company,  whose  line  has  hitherto  been  remarkably  immune  from  serious 
accidents. 

The  special  train  which  conveys  the  passengers  of  the  American  line  from  Plymouth  to 
Waterloo  is  one  of  the  fastest  on  the  South  Western  system,  and  is,  we  believe,  the  only  train 
running  on  this  route  which  does  not  stop  at  Salisbury  Station.  Last  Saturday  the  boat  express 
left  Devonport  at  11*15  p.  m.,  conveying  about  fifty  first-class  passengers  who  had  landed  from 
the  American  liner  New  York.  The  train  consisted  of  a  four-coupled  express  engine  with 
leading  bogie,  three  first-class  corridor-coaches,  and  a  guard's  van  with  kitchen.  The  arrival 
of  the  Neto  York  at  Plymouth  was  somewhat  belated,  and  consequently  a  smaller  number  of 
passengers  than  usual  elected  to  leave  the  vessel  at  this  port  of  call. 

All  appears  to  have  gone  well  with  the  express  until  Salisbury  was  reached  at  1*57  a.  m. 
At  the  eastern  end  of  the  station,  a  curve  of  ten  chains  radius  is  encountered,  and  at  this  point 
the  engine  of  the  express  left  the  rails  and  struck  the  rear  of  a  milk  train,  which  was  slowly 
entering  the  station  in  the  opposite  direction  on  an  adjacent  line.  The  guard's  van  of  the  milk 
train  was  totally  wrecked,  the  guard  being  killed  outright.  After  its  impact  with  this  vehicle, 
the  express  engine  fouled  some  of  the  girders  of  the  bridge  passing  over  Fisherton  Street,  and 
then  crashed  into  a  stationary  locomotive  standing  on  a  further  line.  Meanwhile,  the  most 
dreadful  havoc  had  been  wrought  on  the  coaches  of  the  express.  The  coupling-rod  behind  the 
tender  broke,  the  front  coach  overshot  the  engine,  and,  coming  into  collision  with  a  side  of  the 
bridge,  was  completely  shattered,  one  of  the  passengers  being  hurled  with  a  portion  of  the  wood- 
work into  the  street  below.  The  second  coach  swung  across  the  metals,  and  landed  on  the  top  of 
the  express  engine,  the  third  coach  being  flung  to  the  left  of  the  line,  where  it  was  smashed  to 
pieces.     The  fourth  coach  (consisting  of  a  guard's  van  and  kitchen)  was  only  partially  derailed. 

The  terrible  destruction  of  rolling  stock  makes  it  difficult  to  realise  that  any  lives  could  have 
been  saved  from  this  appalling  wreckage.  Some  fifty  people  were  involved  in  the  catastrophe, 
and  out  of  this  number,  twenty-one  were  killed  outright,  while  six  expired  shortly  afterwards  in 
the  local  infirmary  from  injuries  sustained.  Out  of  the  total  of  twenty  seven  killed,  twenty-three 
were  passengers,  while  the  remaining  four  were  servants  of  the  company.  Eleven  passengers 
were  injured  (six  seriously),  and  only  twelve  escaped  without  injury.  The  boatrtrain  passengers 
were  composed  almost  entirely  of  American  travellers.  The  company's  servants  who  lost  their 
lives  were  the  driver  and  fireman  of  the  express,  the  guard  of  the  milk  train,  and  the  fireman  of 
the  stationary  locomotive. 

Sir  Charles  Owens  (general  manager  of  the  South  Western  Company),  Mr.  J.  W.  Jacomb-Hood 
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(resident  engineer),  Mr.  Henry  Holmes  (superintendent  of  the  line),  and  other  officials  journeyed 
to  Salisbury  on  Sunday  morning,  and  early  in  the  afternoon  the  line  had  been  cleared  by  the 
breakdown  gangs  from  Nine  Elms  and  other  points  on  the  South  Western  system. 

The  Board  of  Trade  have  appointed  Major  J.  W.  Pringle,  R.E.  {inspecting  officer  of  railways), 
to  hold  an  inquiry  into  the  cause  of  the  accident.  In  the  meantime  anything  which  tends  to 
elucidate  the  cause  of  the  accident  is  of  deep  interest,  and  elsewhere  in  this  issue  we  give  a 
review  of  the  facts  after  careful  scrutiny  of  the  permanent  way  and  an  expert  opinion  based  on 
them. 

It  is  needless  to  say  that  everything  possible  was  done  for  the  injured  and  their  friends  by  the 
officials  of  the  London  and  South  Western  Railway,  who  were  tireless  in  their  efforts.  The 
company  has  been  singularly  exempt  from  serious  accidents  of  the  kind,  and  that  the  disaster 
should  have  befallen  one  of  the  most  important  trains  of  the  line,  to  which  special  attention  is 
devoted,  makes  it  abundantly  clear  that  no  precaution  had  been  neglected  by  the  company's  offi- 
cials. The  exact  cause  of  the  accident  yet  remains  to  be  determined,  although  various  explan- 
ations have  been  given.  None  of  these  appeared  to  us  to  be  satisfactory,  and  we  consequently 
commissioned  a  railway  engineer  of  wide  experience  to  investigate  the  matter.  He  has  supplied 
the  following  comment  as  the  outcome  of  his  investigation,  and  the  conclusions  which  he  has 
reached  appear  to  us  to  be  worthy  of  serious  consideration.  The  accident  which  befel  the  up 
boat  special  on  Sunday  morning  just  east  of  Salisbury  Station  was,  says  our  Commissioner,  an 
extraordinary  one.  The  noise  of  the  shock  is  described  by  those  who  heard  it  as  like  the  report 
of  a  big  gun,  and  it  was  followed  by  absolute  silence.  The  whole  train  was  shattered  in  a  few 
seconds.  The  curve  where  the  engine  was  derailed,  followed  by  all  the  carriages  except  the  last 
bogie  of  the  guard's  van,  is  a  short  one,  the  part  having  a  check  rail  being  only  200  feet  long. 
The  line  is  straight  through  the  main  station  and  again  over  the  bridge,  the  girders  of  which 
finally  stopped  the  onward  motion  of  the  vehicles.  The  curve  is  a  compound  or  transition  one, 
beginning  at  about  12  chains  or  800  feet  radius,  and  being  rather  less  than  8  chains  or  a  little 
over  500  feet  radius  at  the  sharpest  point.  The  super-elevation  of  the  outer  rail  is  also  graduated 
from  nil  to  about  3  */j  inches,  which  is  quite  sufficient  for  a  speed  of  30  miles  an  hour.  This 
was  the  maximum  speed  allowed  by  the  running  rules,  and  it  was  just  within  the  limits  of  safety. 
It  is  easy  to  be  wise  after  the  event,  but  we  think  15  or  at  most  20  miles  an  hour  would  be  pre- 
ferable, especially  as  drivers  with  that  contempt  bred  of  familiarity  are  always  prone  to  exceed 
imposed  limits,  whether  on  rail  or  on  road.  Check  rails  on  curves  are  always  covered  with  a 
thick  layer  of  dirt  and  grease,  which  layer  would,  of  course,  be  distinctly  marked  even  by  a 
slight  scratch.  Yet  the  most  remarkable  fact  is  that  no  such  scratch  or  mark  was  found  on  the 
check  rail  throughout  its  length.  Moreover,  the  whole  of  the  permanent  way  in  that  same 
length,  which  is  of  the  latest  type,  was  at  the  time  and  is  now  in  perfect  order.  The  only 
damage  done  was  that  two  or  three  chairs  of  the  outer  rail  had  the  inner  jaws  broken,  that  the 
outer  end  of  some  sleepers  were  slightly  battered,  and  that  the  outer  rail  had  been  pushed 
inwards  in  one  or  two  places.  Half  an  hour's  work  must  have  made  good  these  slight  defects. 
The  driver  was  some  minutes  behind  time,  and  it  can  scarcely  be  doubted  that  he  was  running 
over  50  miles  an  hour  at  the  time  of  the  accident  It  is  now  a  recognised  fact  that  engines  having 
a  high  centre  of  gravity  run  more  steadily  that  the  old-fashioned  type,  in  which  the  centre  was 
kept  low.  Take  a  stick  with  a  heavy  knob  and  try  to  balance  it  with  the  knob  in  your  hand. 
You  will  find  that  you  will  have  to  move  your  hand  about  all  the  time,  and  with  a  wide  range  of 
movement.  Hold  the  point  of  the  stick  in  your  hand  and  the  knob  uppermost,  and  very  little 
movement  is  then  necessary  to  preserve  the  balance.     On  the  other  hand,  if  you  allow  the  knob 
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to  lean  over  too  much  it  requires  a  great  effort  to  get  it  back  to  the  perpendicular.  This  effort  is 
represented  by  the  centrifugal  force  in  the  case  under  notice.  Careful  calculations  prove  that, 
without  doubt,  an  engine  similar  to  the  one  on  the  train  would  run  for  some  time  on  its  outer 
wheels  alone,  and  would  finally  turn  over  on  its  side  if  travelling  at  40  miles  an  hour  when 
going  round  a  curve  of  8  chains  radius  with  a  superelevation  of  less  than  4  inches.  That 
this  is  what  happened  there  can  be  no  doubt  whatever,  as  all  the  facts  enumerated  above  tend 
to  prove,  although  we  are  not  aware  that  a  similar  accident  has  ever  happened  before.  The 
falling  and  fallen  engine  was  shoved  about  by  the  following  carriages,  which  were  crumpled  up 
m  the  process,  and  the  weight  and  size  of  the  obstacle  accounts  for  the  way  in  which  the  lighter 
vehicles  were  knocked  into  little  bits. 
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CUENOT  (G.),  engineer  in  chief  of  bridges  and  roads.  —  lltude  but  les  deformations  dee  TOies 
de  ohemins  de  for  et  les  moyens  d'y  rem^dier  (Investigation  oonoerning  the  deformations  of 
railway  traoks  and  means  of  obviating  them).  —  1  volume  octavo  (23  X  15  centimetres 
[9x6  inches]),  213  pages,  with  illustrations  and  an  atlas  in  quarto  with  21  plates.  —  1905, 
Paris,  Vve  Ch.  Dunod.  publisher.  Price,  12  francs  (95.  7  V2  d.). 

Having  been  deputed  by  the  Public  Works  Department  to  investigate  Ihe  compound 
sleepers  (steel  and  wood)  of  the  Devaux,  Michel  and  Richard  pattern,  Mr.  Cuenot,  who  for 
^\e  years  has  been  a  government  inspector  on  the  Paris-Lyons-Mediterranean  Railway, 
determined  to  carry  out  his  task  conscientiously .  With  Ihis  object  in  view,  he  proceeded 
to  institute  comparisons  experimentally  between  ordinary  sleepers  and  steel  sleepers  and 
these  led  him  to  **  a  series  of  tests  hearing  upon  all  Ihe  movements  to  which  the  track  is 
subject  and  to  a  study  of  all  the  deformations  to  which  it  is  liable  ".  He  found  it  advisable 
to  include  in  his  investigation  the  ways  in  which  the  consolidation  of  the  sleepers  took 
place  and  the  subject  of  rail  joints. 

Mr.  Cuenot's  experiments  by  way  of  comparison  led  him  to  consider  quite  naturally 
how  best  to  strengthen  the  track  so  as  to  render  it  capable  of  withstanding  speeds  of 
200  kilometres  (124  miles)  an  hour,  such  as  may  be  expected,  to  be  reached  in  the  future. 
He  believes  that  for  this  purpose  it  will  he  necessary  : 

1°  To  use  exceedingly  rigid  sleepers,  twice  or  thrice  as  rigid  as  those  now  commonly 
employed,  and  this,  he  says,  would  exclude  the  use  of  trough-shaped  steel  sleepers; 

2**  To  support  the  joint  by  a  sleeper  followed  and  preceded  at  an  interval  of  50  centi- 
metres (1  foot)  by  equally  rigid  sleepers ; 

3°  To  employ  stronger  plates. 

We  may  disagree  with  the  author,  but  his  pamphlet  which  is  characterized  by  its  sin- 
cerity, will  undoubtedly  be  perused  with  benefit. 

L.  W. 
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NOTE 

ON    THE    TIGHTNESS    OF   FOUNDATIO  N  RINGS, 

By  0.  BUSSE, 

LOCOMOTIVE  AND  ROLLING  STOCK  StPERINTENDENT,  DANISH  STATE  RAILWAY. 


We  have  often  heard  locomotive  engineers  state  that  the  foundation  ring  is  the 
weak  point  in  connection  with  locomotive  boilers.  By  this  we  do  not  mean  that 
there  is  any  danger  as  regards  the  strength  of  foundation  rings,  but  there  is  trouble 
in  keeping  the  joints  tight  and  preventing  corrosion  from  resulting  through  leaks. 
Leaks  soon  begin  to  develop,  more  especially  at  the  corners;  and  no  subsequent 
caulking  will  radically  cure  them.  Now  what  has  been  done  to  reduce  the  chance 
of  leakage?  The  single  row  of  rivets  originally  used  has  been  replaced  by  two  or 
even  three  rows;  the  rings  have  been  deepened  at  the  corners  and  their  width 
reduced,  so  that  they  only  form  a  connection  with  the  outer  shell. 

This  arrangement  (shown  on  page  170  of  Die  Eisenbahn-Technik  der  Gegenwart), 
is  good,  but  when  it  was  necessary  to  use  forged  iron,  it  had  the  disadvantage  of 
being  somewhat  expensive.  This  however  is  no  longer  the  case,  as  it  can  now  be 
cast  in  steel,  and  therefore  this  system  is  worth  examining.  It  is  well  known  that  a 
double  row  of  rivets  does  not  give  satisfactory  results;  on  the  other  hand,  I  observed 
some  years  ago  on  a  number  of  our  locomotives  that  a  single  row  of  rivets  gave  a 
good  tight  joint.  This  observation  led  me  to  consider  the  subject,  and  make  experi- 
ments, and  on  a  number  of  boilers  I  used  a  single  row  of  rivets  for  the  foundation 
ring;  and  I  certainly  had  no  reason  to  regret  it. 

I  considered  the  matter  from  two  points  of  view  :  firstly,  what  was  the  cause  of 
the  leaks,  and  secondly,  is  a  single  row  of  rivets  strong  enough? 

When  the  rivets  are  being  put  in  and  closed,  the  material  immediately  round  the 
rivet-hole  is  subjected  to  stress.    The  greater  the  number  of  rivets,  the  greater  the 
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resulting  stresses;  and  these  stresses  have  most  effect  at  the  weakest  places,  that  is 
at  the  corners,  where  the  rivets  are  sometimes  far  apart  and  where  it  is  sometimes 
necessary  to  use  studs  and  nuts,  because  there  is  no  room  for  rivets.  This  effect  is, 
it  is  true,  reduced  by  putting  the  rivets  in  first  at  the  corner,  then  at  the  middle,  and 
so  on  alternately,  in  order  to  distribute  the  stresses.  But  in  spite  of  this,  stresses  are 
produced,  and  the  greater  the  number  of  rivets,  the  greater  the  stresses.  Moreover, 
when  a  double  row  of  rivets  is  used  and  the  rivets  are  further  apart  in  the  lower 
row,  the  plate  is  held  less  tightly  against  the  ring ;  consequently  caulking  is  not  so 
effective  as  when  there  is  a  single  row  of  rivets  with  the  rivets  closer  together.  It 
follows  that  the  small  particles  of  scale  which  come  down,  more  readily  affect  the 
plate.  Once  the  water  has  worked  through  to  the  caulking,  leaks  start,  and  rusting 
and  corrosion ;  and  serious  damage  soon  results. 

Thus  double  riveting  is  a  disadvantage  from  the  point  of  view  of  tightness.  It 
remains  to  be  considered  whether  single  riveting  gives  suflScient  strength. 

In  considering  this  point,  I  will  assume  that  the  fire-box  has  to  stand  a  pressure 

of  15  kilograms  per  square  centimetre  (213-34  lb.  per  square  inch),  that  the  ring  is 

100  millimetres  (3  ^^/^g  inches)  wide,  and  that  the  rivets  are  to  have  26  millimetres 

(1  ^/32  inch)  diameter  and  63  millimetres  (2  ^/^e  inches)  pitch.    The  tensile  and 

shearing  stresses  to  which  individual  rivets  are  subjected  require  consideration,  and 

also  the  tensile  stresses  on  the  boiler  plate.     The  load  between  each  pair  of  rivets  is 

10  X  6-5  X  15  =  975  kilograms  (2,150  lb.),  and  the  cross-section  of  a  rivet  is 

531  square  millimetres (0*823  square  inch);  consequently,  the  shearing  stress  is  equal 

975 
to  5 «KT  =  0*918  kilogram  per  square  millimetre  (1,306  lb.  per  square  inch). 

J  X   Oul 

The  boiler  plate  between  the  rivets  is  assumed  to  be  17  millimetres  ["^^l^^  inch)  in 

thickness,  which  gives  a  cross-section  of  17  x  (65  —  26)  ^  663  square  millimetres 

975 
(1*028  square  inch).     The  stress  thus  is  ^ ^jto  =  0*735  kilogram  per  square  mil- 

limeti'e  (1,045  lb.  per  square  inch),  which  is  very  low,  even  for  copper. 

The  tensile  stress  on  a  rivet  is  equal  to  the  pressure  of  the  steam  on  the  boiler 
plate  from  the  lower  row  of  stays  to  the  row  of  rivets,  say  100  millimetres 
(3  ^Vi6  inches);  this  multiplied  by  the  width  of  65  millimetres  (2  ^/le  inches)  and  the 
boiler  pressure  gives  : 

to  X  6-5  X  15  =  975  kilograms  (2,150  lb.). 

975 
The  tensile   strength  is   thus  ^oj   =    1'84  kilogram  per  square  millimetre 

(2,617  lb.  per  square  inch). 

Thus  the  total  stresses  on  a  rivet,  if  added  together,  only  amount  to  0*918  +  1*84 
=  2*758  kilograms  per  square  millimetre  (3,923  lb.  per  square  inch);  if  we  calculate 
out  the  resultant  of  these  stresses  accurately,  we  obtain  2*44  kilograms  per  square 
millimetre  (3,470  lb.  per  square  inch). 
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It  follows  that  the  resulting  stresses  by  no  means  make  it  necessaory  to  have  two 
rows  of  rivets ;  and  as  it  has  been  above  shown  that  double  riveting  is  a  disadvantage 
as  i*egards  tightness,  it  is  advisable  to  abandon  the  practice. 

On  the  grounds  of  practical  results  as  well  as  of  theory,  I  can  therefore  recommend 
foundation  rings  with  a  single  row  of  rivets  and  deepened  at  the  corners,  the  outer 
shell  being  fixed  to  the  ring,  at  those  points,  by  about  eight  rivets. 
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WHEEL  CARRYING  RAIL  JOINTS  AND  TIE  PRESERVATOIN, 

By  Max  BARSCHALL. 


Figs.  1  to  8,  pp.  1350  to  1353. 


The  Zentralblatt  der  Baiiverwaltung  announced  the  uselessness  of  the  Stoss- 
fangschiene  (Barschall  Rail  Joint)  in  an  article  reproduced  in  the  Bulletin  of  the 
Railway  Congress  of  May,  1904.  It  may,  therefore,  be  permitted  to  refer  through 
the  same  medium  to  the  Kaufmdnnischer  Beitrag  zur  Losung  der  Schienenstoss- 
frage,  1902-05  (Gutenberg  Verlag,  Berlin  W3o)  which  contains  the  details  in  regard 
to  the  aggressive  proceedings  of  the  Berlin  Ministerium  of  Railroads,  tending  to  dis- 
credit wheel-carrying  joints,  and  which  also  contains  exact  information  on  the  facts 
of  the  development  of  this  class  of  joints  in  Europe  and  in  the  United  States. 

In  1898,  Dr.  Zimmermann  (Zentralblatt  der  Bauverwaltungy  February  26)  and 
Ministerialcommissar  Schroder  (Session  of  the  Prussian  Diet,  March  24)  condemned 
the  theory  as  being  altogether  wrong  —  a  view  exactly  contradictory  to  that  held 
by  the  Saxony  Stale  Railroads  and  by  a  number  of  Prussian  Railroad  Administra- 
tions —  and  this  was  followed  up  by  the  issue  of  a  ministerial  order  in  the  Eisen- 
bahn  Verordnungsblatt  prohibiting  the  further  use  of  the  Stossfangschiene  and 
thus  preventing  the  Prussian  administrations  from  practically  proving  the  incor- 
rectness of  their  superiors'  theory  by  ordering  and  using  the  correct  shape  (rolled, 
width  of  running  surface  20  millimetres  [-^/32  inch]  only). 

The  construction  was  again  attacked  in  1903  {Zentralblatt  der  Bauverwaltung, 
November  H),  which  only  goes  to  show  that,  after  five  years,  it  was  of  sufficient 
importance  to  not  have  wholly  dropped  from  the  minds  of  those  who  opposed  it. 
This  attack,  purported  to  show  the  impracticability  of  the  construction,  was  sup- 
ported by  official  sources,  which  referred  to  results  obtained  from  a  make-shift  of 
said  joint,  which  of  course  were  hardly  satisfactory.  It  is  not  too  much  to  say  that 
these  results  have  lost  their  value,  as  regards  final  conclusions,  since  the  full  efficacy 
of  the  joints  was  clearly  shown  by  tests,  with  correctly  formed  and  rolled  (not 
hand-made)  joints,  by  other  railroads. 

The  article  was  bound  to  mislead,  on  account  of  the  reticence  of  the  Vienna  Rail- 
road, Kaschau-Oderberger  Railroad  and  Grossherz.  Mecklenburg.  Friedrich  Franz 
Railroad, to  officially  publish  their  reports  on  their  experience  with  the  rolled  form, 
running  width  20  millimetres  (2^/32  inch),  on  about  150  kilometres (93  miles)  of  track. 

The  experience  of  the  latter  road  is  especially  important,  because  it  confirms  the 
progress  and  advantage  gained  by  equipping  worn  rail  ends  with  the  Stossfang- 
schiene.    (See  Railroad  Gazette,  December  16,  1904,  p.  64o.) 

A  copy  of  the  verdict  of  the  German  Supreme  Court,  rejecting  the  oflicial  attack 
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on  the  Stossfangschiene  patents,  was  recently  added  to  the  abovenamed  pamphlet 
because  : 

1^  It  contains  the  unsatisfactory  experience  on  3  kilometres  (1-86  mile)  of  track 
of  the  Kaiser-Ferdinands  Nordbahn  with  rolled  joints,  width  of  running  surface 
25  millimetres  (^^l-st  inch),  and  the  satisfactory  experience  on  90  kilometres 
(56  miles)  of  track  of  the  Vienna  Railroad  with  the  same  joint,  running  width 
20  millimetres  {^^j^^  ^^^^)  only; 

2^  It  confirms  the  new  technical  efficacy  of  the  construction,  on  the  basis  of 
the  experience  gained  with  the  narrower  shape ; 

3<*  The  arguments  pro  and  con  expressed  by  the  experts,  Messrs.  Ast  and  Koestler, 
indicate  what  remains  to  be  improved  on  the  new  technical  efficacy,  mainly  to  be 
secured  by  independent  deflection  of  the  suspended  parallel  bearers  and  the  shape 
of  the  head  of  the  Stossfangschiene. 

The  pamphlet  also  contains  full  particulars  on  the  outcome  of  the  tests  on  the 
tracks  of  the  Pennsylvania  Railroad  and  of  the  Pennsylvania  Lines  West  of  Pitts- 
burg. Unhappily  these  tests  were  made  with  the  same  inferior  form  as  had  been 
used  in  the  Prussian  tests,  so  that  the  latter  came  to  the  conclusion  that,  after  six 
years  experience,  the  tests  of  the  rolled  joints  could  not  be  dispensed  with  in  order 
to  arrive  at  final  conclusions,  as  expressed  by  their  former  Vice-President, 
Mr.  L.  F.  Loree,  in  an  article  of  the  Railroad  Gazette  of  March  8,  1901.  The 
article  explains  fully  the  reasons  and  aims  of  the  tests  and  closes  with  the  words, 
"  If  in  the  course  of  four  or  five  more  years  of  determining  and  classifying  facts, 
and  reasoning  upon  them,  we  are  enabled  to  substantially  improve  the  joint,  we 
shall  have  ample  reason  to  be  satisfied  with  our  labours  ". 

In  the  meantime,  while  the  Pennsylvania  Lines  was  waiting  to  resume  the  tests 
with  the  rolled  form  of  the  Barschall  joint,  the  author  set  himself  to  continue  his 
labours  toward  further  improvements. 

He  recently  came  to  the  conclusion  that  the  parallel  parts  forming  one  joint,  must 
act  as  though  the  rail  were  severed  vertically  into  two  alternate  parts,  and  these 
parts  rigidly  fastened  over  the  ties  when  the  inner  one  alone  is  intended  to  carry, 
and  unfastened  between  the  ties  when  both  are  intended  to  carry,  and  be  indepen- 
dently and  freely  deflected. 

In  equipping  worn  tracks,  the  outer  bearer  requires  the  full  carrying  capacity  of 
the  main  rail  and  a  running  surface  of  maximum  width;  with  new  and  compar- 
atively stiff"  rails,  the  reverse  is  required  because  the  outer  bearer  is  intended  to  make 
up  for  the  lack  of  rigidity  of  the  ends  only,  and  to  protect  them  from  being  battered. 
The  most  important  aim,  therefore,  must  be  to  practically  determine  the  minimum 
limit  of  running  width  and  the  maximum  limit  of  elasticity  of  the  outer  bearer  in 
order  to  prevent  badly  worn  wheels  from  being  lifted,  and  thus  deteriorating  the 
joint.  Equal  wear  of  rail  ends  and  of  the  outer  bearer  will  prove  that  the  joints 
act  as  required  by  the  different  shapes  of  tires. 
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Pig.  la.  —  Section  over  the  joint  ties.  Fig.  ib.  —  Section  between  the  joint  ties. 


Fig.  \c. 


Fig.  2a.  —  Section  over  the  joint  ties.  Fig.  2b.  —  Section  between  the  joint  ties. 


Fig.  2c. 
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Fig.  3a.  —  Section  over  the  joint  ties.  Fig.  36.  —  Section  between  the  joint  ties. 


Fig.  3c. 


Fig.  4a.  —  Section  over  the  joint  ties.  Fig.  4b.  —  Section  between  the  joint  ties 
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Fig.  5a.  —  Section  over  the  joint  ties. 


Fig.  56  —  Section  between  the  joint  ties. 


Fig.  5c. 


Fig.  6a.  —  Section  over  the  joint  ties. 


Fig.  66.  —  Section  between  the  joint  ties. 


Fig.  6c. 
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Fig.  la.  —  Section  over  the  joint  ties. 
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Fig.  76.  —  Section  between  the  joint  ties. 


Fig.  7c. 


Fi^.  Id. 


Rolled  out«r  bearers. 
-  -  Cur\'iug  of  suspended  part. 


Fig.  8. 


Maiu  rail. 


— -    '.  1.J 
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Replaciug  duuge  plates  aud  bevelliug  of  cuds. 


Figs.  7  jiml  8  combined. 


Secliou 
iK'tweeu  the  jolut  lies. 


N^  bevelling  of  ends,  no  fillers,  no  flange  plates. 
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Figures  1  to  8  are  intended  to  demonstrate  the  course  of  the  author's  ideas 
concerning  his  new  method  for  applying  wheel-carrying  joints  (patents  applied  for). 

It  may  be  fairly  expected  that  the  life  of  rails  will  be  lengthened  until  worn  out 
from  end  to  end  by  the  use  of  wheel-carrying  joints,  and  this  calls  for  a  corres- 
ponding lengthening  in  the  life  of  crossties.  Recent  experience  with  wooden  tie 
plates  indicates  that  the  mechanical  wear  of  ties  may  be  prevented  for  many  years, 
whilst  protection  from  decay  can  only  be  sufficiently  secured  by  saturating  them 
with  creosote. 

The  many  efforts  recently  made  to  lessen  the  quantity  of  creosote  required  for 
saturation  proves  clearly  two  facts,  namely  :  the  unwillingness  of  the  railroads  to 
incur  the  expense  of  saturation,  and  their  hesitancy  to  risk  the  outcome  of  employing 
other  antiseptics.  It  is  evident  that  the  risk  of  using  a  method  lacking  practical 
experience,  is  proportionate  to  its  cost,  and  therefore  the  cheapest  of  new  systems 
requires  to  be  tested  first. 

Although  considerable  progress  has  been  made  in  treating  ties  with  sulphate  of 
iron  and  sulphate  of  aluminse,  it  has  been  shown  that  these  experiments  were  a 
failure  for  the  sole  and  only  reason  that  the  formation  of  free  mineral  acid  and  its 
destructive  influence  on  the  woody  fibre  could  not  be  prevented.  In  1904,  engineer 
K.  H.  Wolman,  succeeded  in  overcoming  this  last  objection,  and  in  consequence,  the 
situation  is  radically  changed,  as  is  indicated  in  a  letter  of  the  Imperial  German 
Patent  Office  in  granting  the  patent.  The  many  objections  made  to  this  grant, 
contributed  greatly  to  show  up  the  importance  of  the  invention. 

This  letter  after  mentioning  the  general  adaptability  of  the  system,  says  (literally 
translated),  "  the  inventor  adds  to  the  usual  solutions  of  pure  metal  salts,  such  salts 
of  organic  acids  which,  like  acetates,  are  able  to  bind  liberated  and  destructive 
mineral  acids  in  the  timber,  and  at  the  same  time  separate  equivalent  quantities  of 
inoffensive  organic  acids,  thus  preventing  decay  ". 

It  has  been  ascertained  that  sulphate  of  alurainae  slowly  and  steadily  hardens  the 
timber  and  increases  its  resistance  to  pressure,  whilst  the  combustibility  of  such 
treated  timber  is  considerably  reduced. 

The  new  system  was  started  in  the  mining  district  of  Upper  Silesia,  where  in  a 
number  of  places  creosoting  has  been  abandoned.  The  cost  is  said  to  be,  1-40  marks 
per  cubic  metre  (O'iSd.  per  cubic  foot).  Comparative  tests  of  timber  treated  with 
metal  salts  and  of  that  treated  with  creosote,  have  been  made  in  order  to  practically 
determine  the  superior  system  in  regard  to  antiseptic  capacity  and  cost;  the 
Wolman  tests  in  this  case  were  made  with  8  and  16  kilograms,  respectively, 
of  sulphate  of  iron  per  cubic  metre  (Oo  and  1  lb.  per  cubic  foot)  and  also  other 
tests  were  made  in  which  like  portions  of  sulphate  of  zinc  were  used.  Other  efforts 
toward  increasing  the  anti-combustible  capacity  of  timber  so  treated,  have  resulted 
in  a  special  prescription  for  timber  used  for  many  kinds  of  construction  on  land  and 
watel*.  The  process  has  many  promising  features,  not  the  least  of  which  is  that  it 
is  founded  on  a  scientific  basis. 
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NOTE 

ON   DETERMINING   THE   POWER   OF   LOCOMOTIVES   BY   MEANS 
OF   THE   SPEED   CURVES, 

By  Dr.  Karl  SCHLOSS, 

BNGINBKR. 

Figs.   1   to  6,    pp.   1357  to  1364. 


{Zeitschrift  des  dstei'i'cichUchen  Ingenietir-  utid  ArchitehtenVereines.) 


(Abstract,) 


The  tractive  effort  which  a  locomotive  can  develop  depends,  as  is  well-known,  on  several 
factors,  the  importance  of  which  varies  with  the  speed.  During  the  start,  that  is  to  say  at  low 
speeds,  it  is  principally  the  adhesive  weight  of  the  locomotive,  together  with  the  force  which  the 
pressure  of  the  steam  in  the  cylinder  can  produce  at  the  tread  of  the  wheels,  on  which  the  power 
of  the  locomotive  depends.  As  soon,  however,  as  a  certain  speed  has  been  attained,  the  chief 
factor  is  the  amount  of  steam  the  boiler  can  generate. 

But  the  amount  of  steam  which  the  boiler  of  a  given  locomotive  can  generate,  is  not  a  constant 
quantity.  It  depends  not  only  on  the  size  of  the  grate  area  and  of  the  heating  surface  and  on 
various  peculiarities  in  the  construction,  but  also  on  the  quality  of  the  fuel  and  on  the  draft,  the 
latter  varying  with  the  pressure  of  the  exhaust  steam  and  the  speed ;  it  is  generally  greater  per 
square  metre  of  grate  area  or  heating  surface  when  running  fast  than  when  running  slow. 

A  simple  method  giving  sufficiently  accurate  results,  and  based  on  the  theoretical  considerations 
enunciated  later  on,  makes  it  possible  to  determine  the  power  developed  by  locomotives,  by  means 
of  the  curves  recorded  on  strips  of  paper  by  speed  gauges.  It  may  be  remarked  that  it  is  not 
possible  to  measure  accurately  the  power  developed  by  a  locomotive  during  a  given  run,  not  even 
if  indicators  are  fixed  to  the  cylinders;  for  the  accuracy  of  the  diagrams  obtained  is  very 
doubtful,  particularly  at  high  speeds,  and  moreover,  in  order  to  obtain  the  useful  horse-power, 
sundry  corrections  have  to  be  applied  which  have  to  be  determined  empirically  and  therefore 
cannot  be  absolutely  correct  in  every  individual  case. 

As  regards  determining  the  power  by  means  of  speed  diagrams,  it  has  first  of  all  to  be  noted 
that  the  resistance  of  each  train  depends  on  a  large  number  of  variable  factors  (such  as  the  number 
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and  type  of  the  vehicles,  the  dimensions  of  the  journals,  the  direction  of  the  wind,  the  buffer 
pressure,  etc.)  which  cannot  all  be  determined,  so  that  the  use  of  complicated  formulae  for  the 
resistance  is  unnecessary,  were  it  only  for  this  reason  alone.  A  sufficiently  simple  formula  for 
the  total  resistance  of  the  train  (locomotive,  tender  and  cars)  is  as  follows  : 


R  =  w(; 


'^'^■'"  1.060  4- «V^"'* 


In  this  formula,  which  is  a  modification  of  what  is  known  as  the  Erfurt  formula,  the  resistance 

due  to  running  round  curves  is  not  taken  into  consideration ;  in  order  to  allow  for  this,  the 

650-4 
quantity  enclosed  in  brackets  should  be  increased  by — ,  according  to  Rdckl's  formula.     But 

as  we  are  simply  going  to  explain  a  method  for  calculating  the  power,  we  will  leave  this  factor 
out  of  consideration.  In  these  two  formulce  R  =  resistance  of  train,  W  =  total  weight, 
V  =  speed  in  kilometres  per  hour,  a  =  gradient  per  mil,  r  =  radius  of  curve  in  metres. 

Let  us  now  consider  the  general  case  of  the  acceleration  of  a  mass  M  acted  on  by  two  opposite 
forces  E  and  R.     It  will  be  uniform  per  unit  of  time  and  we  have  : 


If  the  speed  of  the  mass  M  is  increased  from  ci  to  r^  in  t  seconds,  we  have  : 

fj  —  Vi 


A  = 


t 


if  we  assume  the  acceleration  to  be  uniform  and  hence  capable  of  being  plotted  graphically  as  a 
straight  line.     Hence  : 

E  —  R       v^,  —  t?i 


M  t  

or,  if  the  speed  is  expressed  in  kilometres  per  hour  and  the  time  in  minutes  : 

V,  —  Vi       E  —  R 


216  M 


(1) 


(2) 


In  the  case  of  a  given  train,  the  weight  of  the  locomotive,  tender  and  cars  being  known,  it  is 
possible,  by  means  of  the  speed  curves  recorded  on  a  section  of  known  gradient,  to  obtain  from 
this  equation  E,  the  tractive  effort  of  the  locomotive  while  the  speed  in  kilometres  per  hour 
changes  from  Vi  to  \\. 

If  we  take,  for  instance,  the  diagram  figure  1 ,  and  assume  that  the  strip  of  paper  is  moved  at 
the  rate  of  4  millimetres  (^U^  inch)  per  minute  by  the  clockwork  motor  of  the  speed  gauge  (as  in 
many  of  the  Hausshalter  gauges  used  on  locomotives)  we  have,  for  a  speed  of  40  kilometres 
(24*9  miles)  per  hour  : 

40 
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as  {X  =  19  millimetres  (5/4  inch)  and  as  1  minute  is  represented  by  4  millimetres  (s/sj  inch); 
consequently  : 

160  E  — R 


216  X  \9 


M 


100- 
90- 


Fig.  1. 
Explanation  of  German  terms  :  Kilometer  pro  Stunde  =  Kilometres  per  hour. 

Let  US  assume  that  the  total  weight  of  the  train  W  =  604-25-|-150  =  235  tons  (231  English 
tons),  and  that  the  section  in  question  is  on  a  rising  gradient  of  15  per  mil.     Then  : 


R  =  (2- 


4  + 


1,600 


1,060  +  320 


4-  15]  235  =  4,362  kilograms  (9,617  lb.), 


and 


Whence 


M  = 


E  — R  =  : 


235,000 
9-81 

160 


:  23,955. 


X  23,955  =  934 


or 


216  X  19 
E  =  4,362  +  934  =  5,296  kilograms  (11,676  lb.); 


the  total  train  resistance  being  represented  by  4,362  kilograms  (9,617  lb.)  and  the  accelerating 
force  by  934  kilograms  (2,059  lb.). 

Consequently  at  the  speed  of  40  kilometres  (24 '9  miles)  per  hour,  the  power  developed  by  the 
locomotive  will,  according  to  the  well-known  formula,  be 


P  = 


E.  V 


270 


(3) 


5,296  X  40 
P  = — =  784  horse-power  (773  British  horse-power). 


This  method  thus  allows  the  power  at  any  given  moment  to  be  calculated  from  the  speed  curves ; 
it  will  also  enable  us,  by  means  of  the  same  data,  to  determine  the  maximum  power  of  a 
locomotive,  on  the  hypothesis  we  are  now  going  to  consider. 
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By  means  of  trial  runs,  or  in  the  course  of  ordinary  runs,  it  is  possible  to  determine,  for  any 
given  locomotive  burning  a  given  fuel,  the  load  which  it  can  haul  on  a  given  gradient  at  a  given 
speed,  while  keeping  up  the  steam-pressure  and  the  amount  of  water  in  the  boiler  to  the  required 
level. 

Given  this  power  limit,  it  is  possible,  by  means  of  the  speed  curves  recorded  during  a  given 
run,  to  determine  the  maximum  power  developed  by  the  locomotive  in  question  burning  the  given 
fuel  and  running  at  the  given  speed. 

We  stated  at  the  beginning,  that  during  the  start,  the  chief  factor  on  which  the  tractive  eflfort 
depends  is  the  adhesion,  not  the  amount  of  water  the  boiler  can  evaporate. 

This  tractive  effort,  which  can  be  determined  by  multiplying  the  adhesive  weight  by  the 
coefficient  of  friction  between  the  wheels  and  the  rails  (if  the  rails  are  dry,  this  coefficient  varies 
between  Vb  and  Ve)*  is  always  smaller  than  the  force  produced  at  the  tread  of  the  wheels,  by  the 
mean  pressure  in  the  cylinders,  if  the  regulator  is  wide  open  and  the  cut-off  as  late  as  possible. 
Much  more  so  is  this  therefore  the  case,  when  the  cranks  are  in  the  positions  in  which  the 
tangential  force  is  a  maximum.  Consequently,  if  at  starting  the  regulator  were  fully  opened,  the 
wheels  would  at  once  slip  on  the  rails.  Therefore,  the  regulator  is  only  opened  a  little  at  first, 
and  then  more  by  degrees,  the  valve  gear  being  set  at  the  same  time  for  an  earlier  cut-off. 

Consequently  at  starting,  the  tractive  effort  is  limited  by  the  friction  of  the  coupled  wheels  on 
the  rails,  whatever  may  be  the  tangential  force  the  available  pressure  on  the  piston  could  produce. 
During  that  time,  the  boiler  power  available  is  drawn  upon  to  a  small  extent  only,  but  this  amount 
increases  with  the  speed,  and  when  the  latter  exceeds  a  certain  limit,  the  boiler  power  is  the  only 
factor  on  which  further  acceleration  depends.  The  change  from  the  influence  of  the  adhesive 
weight  to  that  of  the  boiler  power  is  shown,  in  the  speed  curves,  by  a  more  or  less  definite 
alteration  in  the  direction,  provided  that  during  the  run  in  question  the  locomotive  has  developed 
power  sufficiently  uniformly.  In  the  curve  shown  in  figure  2,  which  was  recorded  by  a 
Hausshftlter  speed  gauge,  this  change  took  place  at  point  A,  when  the  speed  was  52  kilometres 
(32*3  miles)  per  hour.  Beyond  this  point,  the  curve  ascends  more  slowly  and  gradually  becomes 
more  of  the  shape  of  an  asymptote;  in  other  words,  it  more  and  more  approximates  to  a  certain 
speed  without  quite  reaching  it.  The  speed  at  which  the  change  takes  place  is  called  the 
*'  critical  speed  *';  at  this  moment,  the  adhesion  and  also  the  evaporative  power  are  completely 
utilized,  and  hence  there  is  risk  both  of  the  wheels  slipping,  and  of  the  boiler  not  generating 
steam  enough  to  keep  up  the  pressure. 


-80- 
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In  the  case  of  a  given  locomotive,  when  the  evaporative  power  of  the  boiler  is  known  at  high 
speeds,  and  of  a  given  train  of  known  total  weight,  there  is  no  difficulty  in  calculating,  by  means 
of  equation  (2),  the  speed  curve  for  a  given  section,  and  that  with  great  accuracy.  For  this 
purpose,  we  may  assume  the  power  of  the  boiler  to  be  constant,  within  the  limits  of  speed 
considered. 

For  instance,  let  a  four  cylinder  compound  weighing  together  with  its  tender  100  tons 
(98*4  English  tons),  and  having  an  adhesive  weight  of  29  tons  (28*5  English  tons),  have  a  boiler 
which  can,  as  observations  show,  develop  1,350  horse-power  (1,332  British  horse-power;  as  a 
maximum.  The  calculation  will  then  be  as  follows  for  a  train  weighing  300  tons  (295  English 
tons)  (total  weight  of  vehicles)  running  up  a  gradient  of  35  per  mil : 

If  the  coefficient  of  friction  is  Vs,  the  initial  pull  of  the  locomotive  will  be  : 

E  =  29,000  :  5  =  5.800  kilograms  (12,787  lb.). 

As  regards  the  critical  speed  (as  defined  above)  we  have,  according  to  equation  (3)  : 

5,800  X  V 


270 


=  1,350,  whence  V  =  63  kilometres  (39*1  miles)  per  hour. 


Up  to  this  limit,  which  only  depejids  on  the  locomotive,  not  on  the  weight  of  the  train  or  on  any 
other  factor,  E  is  constant  and  equal  to  5,800  kilograms  (12,787  lb.);  beyond  it,  the  power  is 
constant  and  equal  to  1,350  horse-power  (1,332  British  horse-power; ;  consequently  we  may  take 


E  = 


270  X  1,350 


By  means  of  equation  (2)  we  can  then  calculate,  for  every  additional  10  kilometres  (6*2  miles; 
of  speed  per  hour,  the  time  required  for  each  of  these  accelerations  and  the  power  developed  to 
produce  them.     The  results  are  given  in  the  following  table  : 


INCRRASE  OP  SPEED,  IN  KILOMETRES  (iN  MILES)  PER  HOUR. 

Horse-power 

developed 

(British  horse-power). 

Time  uecessarv 

for  the  acceleratiou, 

iu  miuuies. 

From    0  to  10  kilometres    (0  to    6*2  miles)      .     .      . 

214      (211) 

0-56 

—     10  to  20        —       (6-2  to  12-4    —   )      .     .     . 

429      (423) 

0  57 

—     20  to  30        —     (12-4  to  18  6    —   )      .     .     . 

644      (635) 

0-60 

—     30  to  40        —     (18-6  to  24-9    —    )      .     .      . 

8.59      (847) 

0-63 

—     40  to  .50        —     (24-9to311    —    )      .     .     . 

1.074  (1,059) 

0-69 

—     50  to  60        —     (3M  to  37-3    —   )      .      .     . 

1,289  (1,271) 

0-75 

-     60  to  63        -     (37-3to391    -   )      .     .     . 

1,350  (1,332) 

0  23 

—     63  to  70        —     (39-1  to  43  5    —   )      .     .     . 

1,350  (1,332) 

0-81 

—     70  to  80        —     (43-5  to  49-7    -   )      .     .     . 

1.350  (1,332) 

2-74 

—     80  to  88        —     (49-7  to  54-7    —    )      .      .      . 

'                                                                                                1 

1,350  (1,332) 

58-08 
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These  results  are  shown,  plotted  as  a  curve,  in  figure  3.  The  resulting  line,  like  an  asymptote, 
comes  nearer  and  nearer  to  the  limiting  speed  of  89  kilometres  (55-3  miles)  per  hour;  that  is  to 
saj  the  locomotive  in  question  cannot  reach  this  speed  when  hauling  a  train  of  300  tons 
(295  English  tons)  (total  weight  of  the  vehicles)  up  a  gradient  of  3*5  per  mil,  if  it  develops 
1 ,350  horse-power  (1 ,332  British  horse-power).  It  is  at  point  A  of  the  speed  curve  that  the  boiler 
power  becomes  the  chief  factor  instead  of  the  adhesion. 


£Lf _ f3S0PS. 


Fig.  3. 

Explanation  of  Geitnan  tenns  :  Geschwindigkeiten  =  Speeds.  —  Leistungen  in  Pferdestftrken  =  Horse-power 
developed.  --  Kilometer  pro  Stuude  =  Kilometres  per  hour.  —  PS  ==  Horse-power. 

The  broken  line  shows  the  horse-power  given  by  the  lococomotive  at  the  different  speeds, 
measured  from  the  ordinate  OE.  At  and  above  63  kilometres  (39*  1  miles)  per  hour  the  power 
is  constant  and  equals  1 ,350  horse-power  (1 ,332  British  horse-power),  as  assumed  for  the  purposes 
of  this  calculation. 

The  speed  gauges  on  locomotives  generally  record  the  speed  curves  as  shown  in  the  previous 
figures,  the  abscissae  representing  the  times  and  the  ordinates  the  speeds  in  kilometres  per  hour. 

Nevertheless  if  we  desire  to  work  out  time-tables  by  means  of  the  speed  curves,  it  is  more 
convenient  to  let  the  abscissse  represent  the  distances  run,  as  the  latter  are  known  for  any  given 
section,  the  ordinates  representing  the  speeds  as  before. 

Ill  equation  (1),  the  term 

rj  —  t?! 


if  referred  to  an  infinitely  short  time  dt^  is  identical  with 

dv 
dt 

If  the  speed  is  assumed  to  be  constant  during  this  time,  the  distance  run  over  will  be 

ds  =  V  ,  dt 

or  ,        ds 

dtz=  — 

V 
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whence  dv  __  v  .  dv 

di  ~~     ds 

Equation  (1)  then  gives,  for  this  time 

V  ,  dv  _E  —  R 

or»  integrating  and  using  the  same  notation  as  before  : 


«.  —  P.        E  —  R 


M 


X  S (4) 


Vi  and  v%  representing  the  speed  in  metres  per  second,  S  the  distance  run  while  this  change  of 

speed  takes  place. 

Let  us  assume  a  distance  S,  in  metres,  run  from  the  start  until  the  train  has  attained  a  speed 

/  10  \ 

of  V  kilometres  per  hour  ( V  =  —  i?).     Then  equation  (4)  gives  : 

\  ^   I 

100  V*  E  —  R 


2  >.  1,296  M 


XS 


whence  ,r.       ^.^  ^^^  E  —  R  ^ 

V«  =  25-92 -——S (5) 

M 

and  M 

S  =  0-0386  — ---  V«. 
E—  R 

This  equation  enables  us,  certain  assumptions  being  made,  to  calculate  the  time  required  for 
running  from  one  station  to  another.  Railways  generally  make  these  calculations  by  means  of 
empirical  formulse  which,  it  is  true,  are  simple,  but  in  many  cases  give  inaccurate  results,  results 
which  it  is  either  impossible  to  attain,  or  which  are  materially  below  the  maximum  limit  possible. 

Let  us  again  take  as  example  the  300  ton  (295  English  ton)  train  hauled  up  a  gradient 
of  3-5  per  mil  by  a  locomotive  weighing  with  its  tender  100  tons  (98*4  English  tons).  Equation  (5) 
then  gives  the  following  figures  : 

no  km.,     20  km.,     30  km.,      40  km.,    50  km.,       60  km..  70  km.,  80  km.  and  88  km.  per  hour, 

{e-tm,,     lJ-4m.,     18-6  m.,     24*9  m.,  31-1  m.,      37-3  m.,        43*5  m.,  49*7  m.  and  54*7  mUes  per  hour. 

^  _  J  46  met.,   190  met.,  447  met,    846  met..  1,426  m.,  2.261  met.,  4,696  metres,  14,548  m.  and  70,070  metres. 

JsO  yards,  206  yards,  489  yards. 925  yards,  1,560  y.,  1  m.  713  y.,    2  m.  1397  y.,     9  m.  70  y.  and  43  m.  951  y. 

These  distancee  being  taken  as  abscissae,  and  the  corresponding  speeds  as  ordinates,  we  obtain 
the  curve  shown  in  figure  4. 

K  for  instance,  we  wish  to  determine  the  time  required  for  running  over  a  section 
4*3  kilometres  (2-7  miles)  long,  we  must  take  this  as  our  base  OA,  draw  in  the  brake 
line  AB  as  calculated  from  the  brake  power  available,  and  determine  from  the  curve  OAB  the 
mean  speed  of  running  :  this  amounts,  in  the  case  in  question,  to  52  kilometres  (32-3  miles)  per 
hour.  The  time  requii-ed  for  the  4-3  kilometres  (2*7  miles)  will  then  be  4*96,  in  round  numbers 
5  minutes. 
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tf  in  the  same  case,  we  apply  the  rule  generally  used  for  determining  the  time  required,  starting 
from  the  fact  that  the  locomotive  in  question  hauling  a  300  ton  (295  English  ton)  train  up  a 
gradient  of  3*5  per  mil  can  attain  a  speed  of  88  kilometres  (54*7  miles)  per  hour,  we  find,  adding 
half  a  minute  for  starting  and  half  a  minute  for  stopping,  that  the  time  required  is  4  minutes. 
Now  as  a  matter  of  fact,  this  result  cannot  be  attained,  as  in  running  the  distance  in  question  the 
maximum  speed  of  88  kilometres  (54*7  miles)  is  not  reached. 


Pig.  4. 

Explanation  of  German  temu :  MiiUere  Geschwindigkeit  =  Mean  speed.  —  WegllUigen  =  Distances  run. 
Kilometer  pro  Stunde  s=  Kilometres  per  hour. 


We  have  assumed  in  tho  preceding  calculations,  that  the  coefficient  of  friction  between  wheel 
and  rail  is  between  Vs  and  */«•  That  this  assumption  is  practically  correct  cAn  also  be  shown  by 
means  of  the  speed  curves. 

Figure  5,  for  instance,  gives  the  speed  curve  of  a  1 ,000  ton  (984  English  ton)  goods  train,  hauled 
by  a  locomotive  having  42  tons  (41  '3  English  tons)  of  adhesive  weight  (total  weight  of  locomotive 
and  tender,  70  tons  [69  English  tons])  up  a  uniform  gradient  of  3*  1  per  mil. 


-70. 


-60. 


-50- 


Fig.  5. 
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At  the  speed  of  10  kilometres  (6*2  miles)  per  hour,  the  figure  gives  for  the  tangent  : 

X 10  (kilometres  per  hour) 

fi  2  (minutes) 

Consequehtlj,  according  to  equation  (2)  : 

Vt  — Vj_    5    _E  — R 
216      ■~216'"      M 

whence       ^  ^  J^^  _^  i  060^1  80  +  ^'^)  ^'^^  =  ^'^^^  kilograms  (13,186  lb.), 
and  M  =  llS?^=  109,072. 

Consequently  5         E  ■—  5,981 

2l6""    109,072 

whence  E  =  8,506  kilograms  (18.753  lb.). 

And  as  the  adhesive  weight  of  this  locomotive  is  42,000  kilograms  (92,600  lb.),  the  coefficient 
of  adhesion  will  be 

8,506        1  .      ^  , 

;jg^  =  .  approximately. 

Similarly,  in  the  case  of  point  A,  the  speed  being  17  kilometres  (10*6  miles)  per  hour,  we  have  : 

X| 17  (kilometres  per  hour) 

jjLi  6*5  (minutes)  * 

and  equation  (2)  gives  :  V,  —  V4  _  2'61  __  E  —  R 

216      ~"2T6""~M" 

whence     ^  ^  Jg.^  ^  1  060  +  136  +  ^'^)  ^'^^  =  ^'^^^  kilograms  (13.545  lb.), 
and,  as  in  the  former  case,  M  =  109,072; 

consequently  2^  __  E  —  6,144 

216  ~     109,072 

whence  E  =  7,462  kilograms  (16,451  lb.) 

and  7,462  _  J_ 

42,000  "~  5-6' 

Figure  6  shows  the  starting  curve,  as  recorded  by  Hausshftlter  speed  gauge,  of  a  locomotive 
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having  an  adhesive  weight  of  29  tons  (28-5  English  tons),  weighing  together  with  its  tender 
100  tons  (98-4  English  tons),  and  hauling  a  265  ton  (261  English  ton)  train  up  a  gradient  of 
6*7  per  mil. 


-80- 
-70- 
-60- 
-SO- 
-40- 


-30- 
-20- 


-10- 


3; 


Fig.  6. 


The  curve  is  a  straight  line  from  0  to  30  kilometres  (0  to  18*6  miles)  per  hour;  consequently. 


within  these  speeds  the  quotient  -  = 


X       30  (kilometres  per  hour) 


1  55  (minutes) 


=  19*3  is  constant. 


M  = 


98,500  +  265,000 
'.  9^81 


=  37.054. 


When  V  =  30  kilometres (18*6  miles)  per  hour,  R  ^  3,558  kilograms  (7,844  lb.);  consequently, 
according  to  equation  (2) 

19-3  _  E  -  3,558 

216 


whence 


37.054 
E  =  6,869  kilograms  (15,144  lb.). 


As  the  adhesive  weight  is  29,000  kilograms  (63,934  lb.),  the  coefficient  of  adhesion  is  in  this 

case  : 

6.869  1 


29.000  ""  4-3 


1 


Thus  this  coefficient  is  generally,  as  the  examples  given  show,  approximately  -  =  020;  and 

5 

this  may  be  assumed,  under  normal  conditions  of  weather,  as  the  mean  value  of  the  coefficient  of 

friction  between  wheel  and  rail.     We  have  here  only  taken  as  intances  cases  in  which  it  could 

be  assumed  that  the  total  adhesion  of  the  locomotive  was  utilized  for  the  acceleration. 
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SUPERHEATED  STEAM  ON  THE  GANADUN  PACIFIC  RAILWAT. 


[Railroad  Gazette.) 


At  the  April  meeting  of  the  New  York  Railroad  Club,  Mr.  H.  H.  Vaughan,  superintendent 
of  motive  power  of  the  Canadian  Pacific  Railway,  read  the  paper  of  the  evening.  From  this  it 
appears,  that  during  the  past  year  a  number  of  locomotives  have  been  equipped  with  superheaters 
in  addition  to  those  in  use  at  that  time,  all  of  which  are  of  new  construction.  The  types  of 
superheaters  used  are  the  Schmidt  fire  tube,  a  modification  of  the  Schenectady,  which  may  be 
called  the  Schenectady  B,  and  one  designed  by  Mr.  A.  W.  Horsey,  mechanical  engineer  of  the 
Canadian  Pacific,  and  the  writer  which  will  be  called  the  **  C.  P.  R.  "  The  complete  list  of 
engines  so  equipped  follows,  those  marked  X  being  on  order  and  not  yet  delivered. 


TYPE 

OP  SDPBRBRATBR. 

Class 

of 
engine. 

No. 
equiped. 

Weight 
engine. 

Size 

of 

cylinders. 

inches. 

Size 
of  drivers. 

Type  of  engine. 

Schmidt 

Schenectady  B.    .     .     . 

C.  P.  R 

G.  P.  R 

C.P.R 

C.  P.  R 

XC.  P.  R 

XC.  P.  R.    .     . 

XC.  P.  R 

700 

710 

740 

820 

780 

1,150 

7,000 

1,100 

1,640 

10 

55 

30 

1 

5 

3 

15 

3 

20 

190,000 
190,000 
190,000 
164,000 
190,000 
215.000 
190.000 
215,000 
185,000 

21X28 
21X28 

21X28 
20X26 
21X28 
21X28 
21X28 
21X28 
21X28 

63  inches. 
63     - 
63     — 
69     — 
63     — 
69     — 
63     - 
75     — 
57     — 

10-wheel  simple. 

10-wheel  simple. 

10-wheel  simple. 

10-wheel  simple. 

Do.,  W.  F. 

Pacific. 

10-wheel  simple. 

Pacific. 

Consolidation  simple. 

This  makes  a  total  of  186  engines  built  or  being  built  of  the  superheater  type. 

In  the  case  of  the  Schmidt  fire-tube  superheater,  the  only  alteration  made  in  the  **  Schmidt " 
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design  has  been  the  substitution  of  separate  bolting  for  each  flange  connecting  the  superheater 
pipes  to  the  header,  in  place  of  using  clips  as  in  the  original  design.  This  has  entirely  overcome 
the  trouble  from  leakage  previously  experienced,  and  while  a  small  change,  is  a  considerable 
improvement. 

The  **  Schenectady  "  superheater  used  on  the  1621  class  employed  the  **  Field  '*  tube  type  of 
superheater  pipe  in  which  steam  is  led  from  the  saturated  steam  header  through  the  small  tube 
to  the  rear  end  of  1  '/i-inch  tube  attached  to  the  superheated  steam  header.  The  fire-tubes  are 
3  Vt  inches  in  diameter,  and  each  contains  one  1  ^U  inch  superheater  pipe.  In  the  *'  Schenec- 
tady B  "  type  of  superheater,  with  which  the  710  class  engines  are  equipped,  the  well  known 
design  of  •*  Schenectady  "  header  is  retained,  but  the  superheater  pipe  and  fire-tube  arrangement 
is  the  same  as  in  the  **  Schmidt "  and  C.  P.  R.  design,  namely.  22  fire-tubes  5  inches  in  diameter, 
each  containing  four  1  *  'g-inch  superheater  pipes  of  which  the  back  ends  are  connected  in  pairs 
by  return  bends  while  the  front  ends  are  connected  in  pairs  to  the  saturated  and  superheated 
steam  headers  respectively. 

The  arrangement  of  the  front  end  and  the  superheater  tubes  of  the  *'  C.  P.  R.  "  superheater  is 
shown  in  the  illustrations  of  the  Club  proceedings.  Steam  from  the  dry  pipe  enters  the  top  or 
saturated  steam  header,  as  shown  in  detail,  and  flows  through  the  fingers  of  the  header  into 
1  Vi  inch  solid  drawn  weldless  steel  tubes,  inside  diameter  **/48  '^ch'  These  tubes  are  upset  at 
one  end  and  are  forged  and  bent  by  a  bolt  header  and  bending  machine  to  the  shape  shown  in  the 
proceedings.  They  are  connected  by  bronze  union  nuts  to  special  cast-steel  fittings  which  screw 
into  the  header;  a  Vie  ii^ch  copper  wire  gasket  being  used  in  the  union  nut.  These  small  tubes 
extend  into  large  5-inch  superheater  fire-tubes  to  within  about  30  inches  of  the  back  tube  sheet, 
where  they  connect  with  the  heavy  cast-steel  return  bends.  The  steam  returns  from  the  return 
bend  through  1  ^fi-inch  tubes,  which  connect  through  union  nuts  and  special  cast-steel  fittings, 
similar  to  those  mentioned  above,  with  the  fingers  of  the  bottom-header.  The  steam  pipes  which 
connect  this  header  with  the  cylinder  casting,  are  necessarily  very  short;  however,  there  has  been 
no  difficulty  in  making  the  joints  tight.  Each  large  superheater  fire-tube  contains  two  of  the 
small  tubes  from  the  top  header  and  the  corresponding  return  tubes  to  the  low  header.  The 
return  bend  has  lugs  cast  on  it,  which  spaces  it  properly  from  the  sides  of  the  large  tube  and  the 
other  set  of  small  tubes  so  that  there  is  a  uniform  circulation  space  about  the  small  tubes.  The 
caststcel  return  bend  is  made  especially  heavy  at  that  part  which  comes  in  contact  with  the 
smoke  and  gases  from  the  fire-box. 

It  will  be  seen  that  the  **  Schmidt,  "  *'  Schenectady  '*  and  '*  C.  P  R.  "  superheaters  now  being 
applied  on  the  Canadian  Pacific,  are  identical  in  every  respect  with  the  exception  of  the  arrange 
ment  of  the  headers  and  the  connection  to  them  to  the  superheater  pipes.  The  primary  object 
sought  in  the  design  of  the  **  C.  P.  R.  "  type,  were  the  separation  of  the  joints  from  the  heater 
pipes  to  the  headers,  the  location  of  these  joints  in  a  position  where  they  could  be  conveniently 
inspected  and  an  arrangement  of  the  superheater  pipes  that  would  permit  any  individual  element 
being  removed  or  applied  without  disturbing  the  others.  These  objects  appeared  desirable  after 
the  experience  on  earlier  engines,  and  it  is  evident  they  have  been  very  satisfactorily  obtained. 
The  first  is  also  satisfactorily  met  in  the  **  Schmidt ",  by  the  separate  bolting  of  the  superheater 
pipe  flangers  to  the  header,  and  its  need  did  not  develop,  to  any  great  extent,  in  the  earlier 
engines  with  the  "  Schenectady,  "  although  later  experience  would  suggest  its  necessity,  as 
more  or  less  trouble  is  developing  with  the  joints  between  the  superheater  pipe  and  main 
headers. 

Both  the  second  and  third  requirements  are  also  partially  met  by  the  •'  Schmidt,  "  but  not  as 
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thoroughly  as  in  the  **  G.  P  R.  '*  design,  and  in  both  respects,"  the  *•  Schenectady  "  is  deficient. 
It  must  not  be  understood  that  either  of  these  types  give  especial  trouble  in  service  or  are  difficult 
to  maintain ;  in  fact,  the  reverse  is  the  case,  but  the  points  mentioned  are  conveniences  and  advan- 
tages which  are  believed  to  have  been  obtained  by  the  modification  illustrated  and  their  value 
will  be  appreciated  from  the  roundhouse  point  of  view. 

The  most  important  question  in  connection  with  superheaters,  is  naturally  that  of  the  coal 
economy  obtained,  and  this  is  not  easily  determined,  as  all  who  have  followed  the  effect  of  different 
improvements  or  proportions  of  locomotives  will  appreciate.  Tests  are  open  to  the  objection 
that  they  do  not  represent  general  service  conditions  and  coal  records,  on  account  of  their  inac- 
curacy and  lack  of  definite  results.  Tests  on  superheaters  present,  however,  an  additional 
difficulty  over  those  directed  to  ascertain  the  relative  economy  of  simple  versus  compound  engines, 
or  of  wide  versus  narrow  fire-boxes,  where  the  efficiency  of  either  the  boiler  or  engines  alone  is 
involved,  in  that  they  must  necessarily  include  the  efficiency  of  the  machine  as  a  whole.  The 
determination  of  the  water  consumption  per  unit  of  work  is  not  sufficient,  as  it  is  quite  possible 
for  any  advantage  shown  in  this  respect  to  be  neutralized  by  less  efficient  boiler  performance. 
Even  with  equal  boiler  efficiency,  the  additional  heat  in  the  superheated  steam  would  represent  a 
reduction  in  the  water  evaporated  of  one-twentieth  of  1  per  cent  for  each  degree  of  superheat,  or 
5  per  cent  for  100<>  and  10  per  cent  for  200®  superheat.  In  other  words,  if  an  engine  with  lOO** 
superheat  showed  a  saving  in  water  consumption  of  5  per  cent,  in  comparison  with  an  ordinary 
engine,  and  the  boiler  were  equally  efficient,  there  would  be  a  saving  in  coal,  and  there  must  in 
addition  also  be  some  loss  in  boiler  efficiency  on  account  of  the  necessarily  higher  temperature  of 
at  least  a  portion  of  the  smoke-box  with  any  design  of  superheater. 

It  is,  therefore,  necessary  in  comparing  superheaters  ^ith  other  engines  to  measure  the  coal 
consumption  per  unit  of  work.  To  do  this,  a  rather  extensive  series  of  tests  are  required  to 
average  the  influence  of  the  efficiency  of  the  firing  with  a  dynamometer  car  to  measure  the  work 
done,  and  owing  to  the  latter  not  having  been  available  during  the  past  year  it  has  been  impossible 
to  undertake  them.  During  the  past  winter,  a  car  has  been  constructed  which  will  enable  some 
experiments  to  be  made,  but  at  present  the  only  figures  available  are  those  showing  the  tons 
hauled  and  coal  consumed  on  the  various  sections  of  the  road,  and  as  these  after  all  are  the  final 
arbiters  of  economical  working,  they  afford  so  far  as  they  are  susceptible  of  proper  comparison, 
the  most  satisfactory  evidence  that  can  be  obtained.  Such  figures  are  not  of  great  value  when 
applied  to  individual  engines,  but  when  obtained  from  a  number  of  engines,  without  specially 
selected  crews,  working  together  in  regular  service,  they  must  certainly  be  regarded  as 
reliable. 

The  two  general  classes  of  superheaters,  consolidations  and  ten-wheel  freight  engines  can  only, 
on  the  Canadian  Pacific,  be  compared  with  compound  engines,  as  there  are  no  simple  freight 
engines  in  use  on  that  road  at  all  similar  in  size  or  design.  Compounding  has  during  the  past 
few  years  become  firmly  established  for  freight  service,  and  on  account  of  the  high  cost  of  coal 
there  would  be  no  question  as  to  its  continuance  had  not  the  use  of  superheaters  been  introduced. 
Of  compound  engines  there  are,  however,  two  classes  which  afford  excellent  comparisons;  the 
1,200  class  consolidation,  of  which  there  are*  forty-one  in  use,  and  the  1,300  class  ten-wheelers, 
of  which  there  are  thirty-seven.  Both  these  classes  are  modem  **  Schenectady"  compound 
engines,  and  although  the  1,200  class  is  rather  lighter  than  the  1,600,  it  has  the  same 
grate  area  and  is  a  good  engine  for  comparative  purposes,  while  the  1,300  class  is  practically 
identical  with  the  700  class,  with  the  exception  of  the  change  from  compound  to  simple 
superheaters. 
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The  dimensions  of  the  various  classes  are  given  in  the  following  table. 


CLASS 


1,200. 


I^SOO. 


1,121. 


700, 
710  and  740. 


Boiler  pressure,  lb 

Fire-box,  width.  Inside,  inches 
—        length,  inside,  inches 
Number  of  ordinary  tubes  .     . 
Diameter  of  ordinary  tubes 
Number  of  special  tubes     . 
Diameter  of  special  tubes  . 
Length  of  tubes    .... 
Number  of  superheater  pipes 
Diameter  superheater  pipes 
Heating  surface  tqbes,  square  feet 

—  —       fire-box,  square  feet 

—  —  total,  square  feet 
Superheating  surface.  . 
Grate  area,  square  feet  . 
CyliudeVs,  inches .  .  . 
Driving  wheels,  inches  . 
Total  weight  of  engine,  lb 
Weight  on  drivers,  lb.  . 

—  of  tender.  .  . 
Water,  imperial  gallons 
Coal,  tons    ..... 


JOO 
66«/8 

281 
2-inoh. 


14  ft.  2  In. 


2,084 

134 

2,218 

43-6 

aX35 

57 

159,500 

140,500 

114,000 

5,000 

10 


200 
70i|4 
102  Vb 
378 
2-inch. 


Hft.6»/iain. 


2.885 

180 

3,065 

50-0 
MX35 
03 

190,000 

142,000 

122,000 

5,000 

10 


200 
651/4 
96»/g 
244 
2-inch. 

22 

5inch. 

14ft.l</8in. 

88 
1  »|4-inch. 
2,216 
165 
2.381 
375 
43-6 
*1  X18 
57 
186,200 
163,700 
121,500 
5,000 
10 


200 
651/4 
1021/8 
255 
2-inch. 

55 
3-inch. 
14ft.2«/8ln. 
55 
1  8/4-inch. 
2,705 
165 
2,870 
340 
43-6 
21X28 
57 
186,200 
163,700 
121.500 
5,000 
10 


200 
69  V« 

244 

2-inch. 

22 
5-inch. 
14  ft.  2  7/8  in. 
88 
1 1/4-inch. 
2,233 
180 
2,413 
378 
50 
21X28 
63 
190,000 
141,000 
122,700 
5,000 
10 


In  comparing  road  coal  records,  a  good  many  difficulties  are  met  with,  some  of  which  are  usual 
on  all  roads,  while  others  apply  particularly  to  the  Canadian  Pacific  Railway.  The  easiest 
figures  to  arrive  at,  those  based  on  general  averages,  are  not  by  any  means  reliable,  and  consi- 
derable study  is  necessary  to  ascertain  the  actual  result.  The  consumption  per  1 ,000  equivalent 
gross  ton-miles,  or  as  it  may  preferably  be  called  per  unit  miles,  varies  considerably  on  different 
sections  on  account  of  the  difference  in  profile,  the  consumption  on  the  same  section  varies  with 
the  weather  conditions,  increasing  from  25  to  50  per  cent  in  winter  over  that  required  in  summer ; 
and  also  varies  under  the  same  weather  conditions  with  the  proportion  between  east  and  west- 
bound traffic.  Engines  ai'e  on  account  of  the  peculiar  traffic  conditions  moved  from  one  section 
to  another  more  than  is  usual  on  most  roads.  Most  engines  have  assigned  crews,  and  in  conse- 
quence, those  engines  doing  the  greatest  amount  of  work  on  any  section,  as  a  rule  give  better 
relative  results  than  those  making  fewer  trips,  as  the  latter  are  extra  crewed  and  the  men 
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are  not  so  interested  with  the  results.  Taking  these  points  into  consideration «  it  will  be  found 
that  the  records  of  the  summer  work  afford  the  most  reliable  results.  According  to  these,  and 
using  the  1,200  compound  consolidation  as  a  basis,  it  has  been  found  that  the  saving  effected  by 
the  1,600  class  with  375  square  feet  of  superheating  surface,  varied  from  15  to  24  per  cent, 
according  to  the  division  on  which  the  engine  was  run  and  the  amount  of  work  done.  On  one 
division,  between  White  River  and  Schneiber,  the  consumption  on  the  engine  with  the  super- 
heater was  1  per  c^nt  more  than  on  the  compound.  The  other  two  classes,  namely,  the  1 .300  class, 
which  was  a  ten-wheeled  compound,  and  the  1,621  class,  a  consolidation  simple,  gave  results 
between  the  other  two. 

Assuming  these  comparisons  to  be  accurate,  the  superheater  locomotive  has  evidently  shown 
itself  to  be  rather  more  economical  than  the  compound  with  the  amount  of  superheat  obtained, 
on  the  **  Schmidt "  and  '*  Schenectady  B  ''  design,  and  from  the  good  results  obtained  from  the 
C.  P.  R.  engines  there  is  every  reason  to  believe  that  still  further  economies  will  be  reached. 
The  results  from  these  engines  were  entirely  unexpected,  as  the  design  was  developed  from  a 
mechanical  standpoint  entirely,  and  they  are  not  by  any  means  easy  to  explain,  except  that  they 
must  be  caused  by  the  steam  being  heated  to  a  higher  temperature  than  in  the  **  Schmidt  **  or 
*'  Schenectady  "  engines.  Since  this  was  not  discovered  until  December,  it  has  been  impossible 
to  carry  out  proper  temperature  tests,  on  both  types,  but  one  made  on  one  of  the  740  class  engines 
would  indicate  a  higher  superheat  of  40®.  In  view  of  the  superheating  surface  being  identical, 
this  can  only  be  explained  by  the  peculiar  arrangement  of  the  headers,  which  prevents  any 
abstraction  of  heat  from  the  steam,  after  it  has  been  superheated,  by  the  entering  steam,  by  the 
tendency  to  a  more  equal  flow  of  the  steam  through  the  various  superheater  pipes  in  passing 
from  one  header  to  another.  In  support  of  the  first  reason,  the  poor  results  obtained  from  the 
**  Schenectady  *'  A  type  are  of  interest.  With  340  square  feet  of  superheating  surface  against 
375  in  the  **  Schmidt "  engine,  the  superheat  was  only  about  20°  as  against  100°.  This  would 
show  that  any  reduction  in  the  temperature  of  the  superheated  steam  by  transferring  its  heat  to 
the  entering  saturated  steam  is  not  as  might  be  expected  compensated  for,  and  that  the  degree  of 
superheat  finally  obtained  may  be  seriously  diminished  by  such  action.  The  reason  for  this  is 
not  very  clear,  but  a  key  to  it  may  be  found  in  the  following  data  : 

a)  Fire-box  temperature,  2,000°;  smoke-box  temperature,  800*^;  flue,  16  feet  long  (at  point  I. 
from  fire-box)  =  2,000  —  200  nl. 

b)  Radiation  from  superheater  tubes  equal  to  that  from  blackened  copper  in  vacuo  =  0*0854 
B.  t,  u   per  minute,  per  square  foot,  j>er  degree  Fahrenheit. 

c)  Boiler  with  88  superheater  pipes  1  V*  inch  0.  D.  12  feet  long  using  20,000  lb.  steam  per 
hour  with  150°  superheat  without  abstraction  of  heat  after  superheating. 

d)  Specific  heat  of  superheated  steam  0*6. 

From  the  diagram  worked  by  the  author,  it  will  be  seen  that  there  is  a  loss  of  50° 
by  the  transfer  of  heat,  on  account  of  the  increased  radiation  from  the  superheater  pipes 
to  the  boiler  and  the  decreased  transmission  of  heat  from  the  flue  gases  to  the  superheater 
tubes. 

The  results  obtained  from  engine  820  in  passenger  service,  have  been  very  encouraging  as  have 
also  those  from  the  Pacific  type.  A  graphic  record  of  a  test  made  on  No.  820  shows  that  the 
superheat  obtained  varies  from  160°  to  200°  at  the  steam  chest.  This  engine  has  been  in  service 
since  last  June  on  the  Lake  Superior  division  between  Chalk  River  and  North  Bay,  and  the  results 
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for  five  months,  June  to  October  inclusive,  compared  with  those  obtained  from  two  other  identical 
engines  on  the  same  section  were  as  follows  : 


Tons  consumed. 


Lb.  coal 

per 

gross  ton-mile. 


Relative 
consumption. 


Engine  No.  823 

—  No.  820 

—  No.  838 


763 
734 
913 


1600 
143-5 
1990 


111-5 
1000 
138-5 


There  is  a  difference  in  the  runs  in  which  these  engines  are  employed,  all  making  three  stops, 
but  engine  820  having  1 1  flag  stops  against  two  for  the  other  engines,  which  would,  of  course, 
increase  the  relative  consumption  of  820,  so  that  while  unsatisfactory  on  account  of  these  figures 
referring  to  one  engine,  there  is  still  but  little  doubt  that  the  superheater  is  very  satisfactory  and 
economical  in  passenger  sendee,  and  its  relative  economy  does  not  decrease  with  increase  of  speed 
as  is  the  case  with  compounds.  T^  repair  question  is  so  far  unimportant  and  nothing  has  devel- 
oped to  show  that  superheater  engines  will  exceed  appreciably  simple  engines  when  expenses  that 
are  fairly  due  to  experimental  construction  are  excluded.  Lubrication  on  a  superheater  is  iden- 
tical with  that  in  a  simple,  with  the  exception  of  the  additional  cylinder  connection  required,  and 
what  is  wanted  is  simply  to  deliver  the  oil  to  the  required  spot. 

In  conclusion,  the  writer  sees  no  reason  to  change  the  opinion  previously  arrived  at,  that  the 
superheater  steam  locomotive  attains  equal  or  greater  economy  than  the  compound  without  anjr 
of  its  disadvantages,  and  would  now  add  to  this  by  stating  that  the  employment  of  higher  ten)- 
peratures  with  the  still  further  economy  is  relatively  practical,  and  to  that  on  engines  now  undeir 
construction  the  proportions  of  superheating  surface  will  be  increased  to  attain  this  result.  It  is 
especially  advantageous  in  passenger  service  and  so  far  no  counter-balancing  disadvantages  have 
been  developed  which  are  worth  considering.  Whether  this  is  due  to  special  conditions  on  the 
Canadian  Pacific  Railway  or  not  superheating  is  certainly  successful  on  this  road,  and  there  is  so 
far  no  inclination  to  discontinue  it. 

DISCUSSION. 

It  was  prominently  set  forth  early  in  the  discussion  that  the  simple  locomotive  is  especially 
adapted  to  the  use  of  superheated  steam.  It  has  been  found  that  where  the  engine  is  complicated 
by  multiple  cylinders,  condensers  or  other  auxiliary  apparatus,  the  saving  efiected  by  the  use  of 
superheated  steam  is  not  as  great  as  in  the  case  of  what  may  be  called  primitive  engines.  In 
fact,  while  the  saving  may  well  drop  to  5  per  cent  in  the  former  it  may  rise  to  30  per  cent  in  the 
latter  class. 

Yet.  while  the  engine  itself  is  well  adapted  to  the  use  of  superheated  st«am,  it  is  difficult  to 
design  an  apparatus  to  do  the  work  on  account  of  the  form  of  boiler  that  is  in  universal  use. 
Th^  difficulties  that  may  arise  due  to  the  elimination  of  a  certain  amount  of  the  heating  surface  is 
of  no  account  and  may  be  disregarded.     It  is  the  space  and  form  that  gives  the  trouble. 

In  reality,  the  steam  generator  should  be  a  three-stage  affiiir  and  should  consist  of  the  boiler. 
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the  superheater  and  the  economizer.  The  latter  utilizes  the  waste  gases  at  their  lowest  tempera, 
ture  to  heat  the  water  at  its  lowest.  The  superheater  uses  the  hot  furnace  gases  as  they  escape 
to  add  heat  to  the  steam,  and  it  is  thus  protected  from  the  intense  heat  of  the  fire-box.  The  boiler 
it  constructed  to  withstand  the  high  temperature  of  the  gases  immediately  after  and  during  the 
Urocess  of  combustion  and  thus  convert  the  water  into  steam. 

A  superheater  has  the  peculiarity  that  it  is  always  economical,  which  may  not  be  the  case  with 
other  auxiliary  apparatus;  the  condenser,  for  example.  There  are  cases  where  a  condenser  not 
only  may  effect  no  saving,  but  may  even  be  the  cause  of  an  increased  water  consumption,  but  this 
is  never  the  case  with  a  superheater. 

Another  advantage  of  introducing  the  superheater,  lies  in  the  fact  that  the  pressure  can  be 
reduced  on  old  boilers  and  the  same  amount  of  work  obtained  as  before.  In  fact,  where  the 
superheater  has  been  introduced,  there  is  a  tendency  to  lower  the  boiler  pressure.  On  some  new 
engines  for  the  Canadian  Pacific,  the  pressure  will  be  175  lb.  instead  of  200  lb  on  similar  engines. 
The  cylinders  will  be  slightly  larger,  and  it  is  expected  that  the  superheated  steam  will  do  as 
much  work  and  more  economically  at  this  lower  pressure  than  the  higher  pressure  on  the  other 
engines.  Should  this  expectation  not  be  realized,  the  cylinders  will  be  bushed  and  the  pressure 
raised  to  200  lb.,  as  the  boilers  will  be  strong  enough  to  carry  it. 

An  important  matter  to  be  borne  in  mind  in  the  designing  of  a  superheater,  is  the  means 
employed  for  the  regulation  of  the  gases,  for  it  is  ifpon  this  that  the  efficiency  of  the  apparatus 
largely  depends.  Another  point  is  the  desirability  of  securing  a  uniform  flow  of  steam  through 
all  parts  of  the  superheater,  and  this,  it  is  thought,  is  accomplished  to  a  mai-ked  degree  in  the 
C.  P.  R.  design,  a  fact  that  accounts  to  a  great  extent  for  its  very  satisfactory  efficiency. 

There  was  some  criticism  of  the  results  given  in  the  main  paper,  in  that  the  coal  records  were 
probably  inaccurate,  as  they  are  upon  most  rofuls,  and  to  this  was  added  a  criticism  of  the 
heating  surfaces  given,  in  that  the  flat  areas  of  the  receivers  were  omitted,  which  increased  that 
of  the  C.  P.  R.  type  very  materially,  and  did  not  greatly  affect  the  others.  The  speaker,  how- 
ever, rather  weakened  his  criticism  of  Mr.  Vaughan's  percentages  in  that  he  ended  by  giving  the 
savings  that  had  been  effected  on  the  Belgian  roads.  These  engines  using  the  superheater  had 
saved  30  per  cent  in  water,  24  per  cent  in  coal,  and  hauled  an  increase  of  6  per  cent  in  tonnage 
as  compared  with  a  four-cylinder  compound  of  the  same  calculated  tractive  power.  In  Sweden, 
again,  a  simple  engine  with  a  superheater  had  saved  26*7  per  cent  in  coal  as  compared  with 
another  simple  engine  of  the  same  design. 

These  results  have  been  obtained  only  by  a  persistent  trial,  for  five  years  ago  the  prospects  of 
success  with  the  superheater  were  most  discouraging  in  Germany. 

As  for  the  amount  of  superheat,  it  was  considered  useless  to  raise  the  temperature  beyond  a 
point  where  cylinder  condensation  is  prevented,  and  200»  Fahr.  will  do  this.  With  such  an 
amount  of  superheat  the  pressure  can  be  reduced  from  30  to  50  lb.  This  is  a  matter  that  should 
receive  most  careful  attention,  since  there  is  no  doubt  that  in  the  struggle  for  savings  with  the 
compound  engine,  the  pressures  have  been  carried  too  high,  and  the  result  has  been  excessive 
boiler  repairs. 

While  there  is  some  doubt  still  as  to  the  effect  of  compounding  on  engine  repairs,  there  seems 
to  be  none  that  the  introduction  of  a  superheater  does  cut  down  boiler  repairs,  and  so  it  was 
urged  that  this  alone  was  reason  enough  for  proceeding  rapidly  \«^h  the  introduction  of  super- 
heaters on  locomotives,  for  they  certainly  add  to  the  capacity. 

It  was  urged  that  the  value  of  the  superheater  depends  largely  upon  the  cost  bf  coal,  and  that 
where  this  was  expensive,  the  apparatus  was  good  to  use,  but  where  fuel  was  very  cheap  it  would 
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not  be  worth  while  to  make  the  application,  The  reply  to  this  was  that  unless  the  price  of  coal 
was  less  than  a  dollar  a  ton,  the  saving  of  15  per  cent  that  could  well  be  .depended  upoykfully 
justified  the  extra  expense.  " 

One  of  the  principle  points  to  be  considered  in  the  superheater  is  its  Vidue  to  the  fireman,  who 
appreciates  it  most  if  it  relieves  him  when  he  is  called  upon  to  work  thejterdest.  It  was,  there- 
fore, claimed  by  one  speaker  that  inasmuch  as  fully  20  per  cent  of  the.  fuel  used  was  burned 
when  the  engine  was  standing  and  the  superheater  of  no  use,  that  the  real  efiiciency  of  the  lafter 
would  not  amount  to  more  than  5  per  cent.  .   ^^^ 

On  the  Chicago,  Rock  Island  &  Pacific,  there  are  six  locomotives  with  the  Cole  superheater, 
but  the  results  obtained  have  not  been  altogether  satisfactory.  The  Illinois  coal  that  has  been 
used  contains  quite  an  amount  of  iron,  and  this  forms  hard  pieces  on  the  ends  of  the  tubes  that 
clogs  them  and  is  very  difficult  to  remove.  This  accumulation  takes  place  so  rapidly  that  it 
sometimes  fills  them  on  a  single  trip.  For  this  reason,  the  trial  has  not  been  altogether  satis- 
factory, though,  in  spite  of  the  trouble  thus  experienced,  very  fine  results  have  been  obtained, 
and  with  a  coal  that  leaves  no  deposits  the  other  troubles  that  have  arisen  can  probably  be  cleared 
away  in  time. 

In  lubrication  a  number  of  experiments  have  been  tried  with  a  positive  feed,  the  results  of 
which  have  not  been  very  satisfactory.  This  was  partly  due  to  the  mechanism  used  and  partly 
to  a  misunderstanding  of  what  was  required.  As  a  consequence  of  the  experience  thus  obtained, 
there  has  been  a  reversion  to  the  sight  feed  lubricator  and  two  connections,  one  to  the  cylinder 
and  one  to  the  steam  chest,  for  it  is  essential  that  the  oil  should  be  delivered  to  the  point 
where  it  is  to  be  used.     It  is  now  proposed  to  use  a  five-section  lubricator. 

The  figure  of  0*60  for  the  specific  heat  of  the  steam  was  criticized  as  being  higher  than  the 
generally  accepted  0*48.  The  reason  given  for  this  choice  was  that  the  specific  heat  varies  with 
the  temperature  rising  from  0*48  to  0*75,  and  that  0*60  is  a  fair  average  between  the  two. 
When  the  cut-off  is  long,  the  amount  of  superheat  is  low,  and  vice  versa. 

Finally,  in  the  consideration  of  the  various  types  of  superheaters,  it  should  be  remembered 
that  Mr.  Schmidt  is  not  the  pioneer  in  the  introduction  of  the  superheater,  but  of  high  super- 
heat, an  end  that  is  not  needed,  as  already  shown.  Neither  is  it  desirable  or  necessary  to  resort 
to  a  special  construction  of  engine,  as  advocated  by  Mr.  Garbe.  This  engineer  suggests  the 
use  of  cylinders  of  such  dimensions  that  a  uniform  cut-off" at  one-third  stroke  can  be  obtained,  and 
that  the  speed  be  regulated  by  the  throttle.  It  is  hardly  necessary  to  call  attention  to  the  inad- 
visability  of  imposing  such  a  condition  on  American  locomotives.  The  over-cylindering  would  be 
such  that  they  would  spin  themselves  to  pieces.  It  is  far  better  to  disregard  any  such  suggestions 
as  this  and  so  design  the  engines  that  the  proportions  of  cylinders  and  weights,  on  the  driving 
wheels  are  such  that  they  will  always  keep  their  feet. 
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(2"<i  AMD  5»>  SECTIONS  iOIV TLT.) 


Meeting  held  on  May  11,  1905  (morning). 


Mr.  Ed.  SAUV^AGE,  president  ok  the  S"**  section,  in  the  chair. 

The  President.  (In  French.)  —  To-day  we  have  to  consider  the  subject  of  electric 
traction  upon  which  four  reports  have  been  written.  I  beg  to  call  upon  Mr.  Paul- 
Dubois. 

Mr.  Panl-DiiboiB,  reporter  for  France.  (In  French.) : 

The  applications  of  electric  traction  on  railways,  made  up  to  the  present  in  Fi-ance,  are  based, 
like  the  greater  number  of  those  made  in  other  countries,  on  the  use  of  cotitinuous  current  motors. 

This  system  of  traction  is  directly  derived  from  the  system  used  everywhere  to-day  on  tram- 
ways, only  more  powerful  motors  are  used.  The  controller  has  been  adapted  to  suit  the  power- 
ful currents  required  for  railway  work.  The  ingenious  method  of  controlling  any  desired 
number  of  motors  from  a  distance,  by  interconnecting  the  individual  controllers,  has  made  it 
possible  to  increase  the  number  of  driving-  wheels  in  a  train  to  any  desired  extent. 

It  has  also  been  necessary  to  increase  the  cross-section  of  the  conductors  supplying  the  current 
and  this  has  led,  in  most  cases,  to  the  replsicing  of  the  overhead  conductor  by  the  third  rail. 

But  the  system  of  electric  traction  by  continuous  current  has  one  grave  defect :  it  is  not  suited 
to  the  use  of  high  voltage  currents. 

Up  to  the  present,  hardly  anything  beyond  700  volts  has  been  used  in  practice  for  operating 
continuous  current  motors  for  traction,  and  it  does  not  seem  advisable  to  exceed  this  voltage 
materially,  on  account  of  the  difficulties  of  insulation  and  commutation. 

The  transmission  of  energy  at  such  a  moderate  voltage,  results  in  a  prohibitive  cost  for  the 
mains  as  soon  as  the  amount  of  energy  or  the  distance  over  which  it  has  to  be  transmitted, 
become  at  all  large. 

From  this  point  of  view,  there  is  a  radical  difference  between  tramways  and  railways.  In  the 
former  case,  not  more  than  20  or  30  horse-power  are  required  at  any  given  point,  which  is 
seldom  more  than  20  kilometres  (12*4  miles)  distant,  whereas  in  the  latter,  hundreds  of  horse- 
power have  to  be  transmitted  over  tens  or  hundreds  of  kilometres. 

The  distribution  limit  for  continuous  current  is  then  soon  reached,  and  it  becomes  necessary 
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to  multiply  the  points  from  which  current  is  taken.  To  do  this,  without  at  the  same  time  multi- 
plying the  generating  stations,  the  usual  course  is  to  resort  to  transformer  substations  in  such 
a  case,  which  derive  their  current  from  a  main  station  as  high  tension  current,  and  these  feed  the 
various  sections  of  the  line  with  continuous  current. 

This  system  has  been  applied  more  particularly  on  the  line  from  Les  Invalides  to  Versailles, 
on  the  line  from  the  Quai  d'Orsay  to  Juvisy  and  on  the  Paris  Metropolitan  and  it  is  about  to  be 
applied  on  the  extension  of  the  Fayet-Chamonix  line  to  the  Swiss  frontier,  to  mention  only  appli- 
cations made  in  France. 

This  arrangement,  which  at  present  is  in  general  favour,  makes  it  possible  to  extend  very 
largely  the  field  of  action  of  continuous  currents. 

This  advantage,  however,  is  attended  with  considerable  expenditure,  both  in  construction  and 
in  working. 

The  use  of  storage-batteries  as  regulators  allows  the  irregularity  of  the  traffic  to  be  equalised 
to  a  certain  extent;  but  this,  as  we  know,  is  a  costly  expedient,  although  accumulators,  in  the 
case  of  railway  working,  form  an  element  of  safety  which  is  not  to  be  disdained  in  certain  cases. 

Thus  it  would  evidently  be  a  great  advantage,  from  the  economic  point  of  view,  to  increase 
the  voltage  at  which  the  energy  is  transmitted,  and  at  the  same  time  reduce  the  number  of 
connecting  links  between  the  central  station  and  the  motors  on  the  trains. 

Numerous  attempts  in  this  direction  have  been  made. 

We  may  mention  more  specially  the  **  three  wire ' '  system,  applied  in  France  on  the  Grenoble- 
Chapareillan  tramway,  and  on  a  section  of  the  Saint-Georges-de-Conmiiers-La  Mure  railway. 

Some  engineei*s  have  thought  to  find  the  solution  of  the  problem  of  electric  traction  in  the  series 
system  of  distribution  with  constant  current,  which  has  had  several  interesting  applications  in 
stationary  installations.  But  the  extreme  mechanical  complexity  of  the  systems  proposed,  with 
their  multiplicity  of  commutators  and  switches,  more  ingenious  than  practical,  serves  to  explain 
why  this  system  of  distribution  has  not  become  extended.  We  may  add  that  two  or  even  three 
lines  of  wires  would  be  required,  that  any  accidental  interruption  in  the  circuit  would  paralyse 
the  whole  system  and  finally,  that  there  would  be  an  entire  want  of  elasticity  in  its  working. 

Another  solution  consists  in  having  a  high  voltage  alternating  current  applied  to  the  train  and 
transforming  it  into  coritinuous  current  on  the  locomotive  itself.  In  this  way,  the  facility  of 
distribution  inherent  to  alternating  currents,  is  combined  with  the  safety  and  elasticity  of  working 
which  are  characteristic  of  continuous  current  motors. 

Lastly,  other  methods  involve  the  use  of  the  alternating  current  exclusively. 

Up  till  lately,  the  only  alternating  current  motors  capable  of  being  utilized  for  traction  wei'e 
asynchronous  polyphase  motors,  which  have  been  used  in  Europe,  mainly  in  Italy  and  Switzer- 
land. They  are  of  great  interest,  but  they  possess  the  disadvantage  of  requiring  at  least  two 
conductors  from  which  current  is  taken. 

Monophase  altertuxting  current  motors,  long  forgotten  in  this  connection,  have  been  improved 
recently  in  view  of  being  used  for  haulage  purpose  in  various  directions  simultaneously ;  thus  in 
America  by  Mr.  Lamme,  in  Italy  by  Mr.  Finzi,  in  Germany  by  Messrs.  Winter  and  Eichberg,  in 
France  by  Mr.  Latour.  The  motors  proposed  by  these  different  inventors  are  all  **  collector '  * 
motors  either  of  the  series  type  with  laminated  poles,  or  of  the  repulsion  type  or  are  a  combination 
of  both  these  types. 

With  this  system  of  traction,  only  one  conductor  is  required,  if  the  track  rails  are  used  for 
the  return.  By  distributing  the  current  at  a  sufficiently  high  voltage,  a  marked  saving  can  be 
effected  in  the  cost  of  the  electric  equipment  of  lines,  so  high  with  the  continuous  current  system. 
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Moreover,  the  speed  of  the  monophase  commutator  mot^)r  can  be  regulated  without  any  lost 
of  energy  in  resistances ;  for  instance,  by  varying  the  voltage  at  the  terminals  of  the  motor  by 
means  of  a  static  transformer  having  a  variable  transformation  ratio.  Apart  from  the  elasticity 
of  the  working  which  results,  the  corresponding  reduction  in  the  fluctuations  of  the  load  forms 
a  very  appreciable  advantage  in  the  case  of  railway  service.  But  it  would  be  too  soon  to  assert 
that  the  new  motor  will  be  equal  to  rendering  all  the  services  that  are  now  managed  by  the 
continuous  current  motor ;  a  fair  number  of  side  problems  still  require  to  be  solved,  especially 
that  of  taking  the  overhead  current ;  it  is  therefore  necessary  to  wait  for  further  results  before 
any  definitive  conclusions  as  to  this  system  can  be  reached. 

In  summarizing  the  situation,  we  may  say  that  the  use  of  electric  traction  on  railways  is 
already  practicable  in  all  cases  where  its  use  would  be  considered  advisable  from  the  economic 
point  of  view. 

This  does  not  mean  that  all  the  technical  difficulties  are  by  now  completely  overcome,  but  only 
that  their  solution  would  not  involve  any  obstacle  too  great  for  the  present  resources  of  industry ; 
existing  processes  and  appliances  have  shown  their  capabilities  in  appliciitions  sufficiently 
different  to  make  it  certain  that  the  elements  necessary  for  the  solution  of  any  practical  problem 
are  to  be  found  in  them. 

It  is  certainly  desirable  to  improve  them  still  further,  and  the  principal  object  ought  to  be  the 
reduction  of  the  cost  of  installation  and  of  working. 

It  may  indeed  be  said  that  under  present  conditions,  apart  from  the  cases  where  electricity 
must  necessarily  be  used  {e.  g,  for  operating  lines  which  are  chiefly  underground),  electric  trac- 
tion can  only  find  economical  application  where  there  are  special  conditions. 

Without  hei'e  wishing  to  enter  into  the  question  of  first  cost,  which  is  too  complicated  and 
about  which  we  have  at  present  too  few  data  to  make  it  possible  to  treat  it  with  any  accuracy,  it 
is,  nevertheless,  interesting  to  consider  what  are  the  present  conditions  favourable  to  the  use  of 
electric  traction. 

As  this  motive  power  is  especially  advantageous  for  comparatively  light  trains  following  one 
another  at  short  and  regular  intervals,  it  is  obvious  a  priori  that  short  distance  passenger  traffic 
is  that  which  oflers  the  most  favourable  field.  Moreover,  it  is  almost  exclusively  to  this  class  that 
the  applications  already  made  on  railways  belong.  Electric  traction  of  goods  trains  exists  only 
as  an  exception  justified  by  peculiar  local  conditions.  It  may  be  said  in  a  general  way  that  in 
services  of  this  kind,  the  economy  of  the  system  increases  with  the  reduction  in  the  weight  of  the 
trains  and  with  the  inci-ease  in  their  number. 

Leaving  out  of  consideration  metropolitan  railways,  which  form  a  special  class  for  which 
electric  traction  is  now  a  necessity,  then,  from  the  point  of  view  which  we  have  been  considering, 
the  suburban  lines  of  some  large  towns  may  offer  conditions  favourable  to  the  use  of  electricity. 

The  latter  moreover,  in  the  case  of  services  with  many  stops,  has  the  great  advantage  that  it 
makes  it  possible  to  increase  the  average  speed  materially,  owing  to  the  rapidity  of  starting 
electric  motors.  The  absence  of  smoke,  the  better  lighting  of  carriages  and  stations  are  other 
advantages,  which  although  only  of  a  secondary  charactei*.  yet  also  contribute  considerably  to  the 
general  improvement  of  the  service. 

Similar  conditions  will  be  found  to  occur  on  sundry  busy  lines  connecting  large  centres,  not 
very  far  apart,  in  industrial  districts,  where  the  service  must  assume  as  nearly  as  possible  the 
character  of  a  tramway  service. 

On  lines  of  this  kind  and  even  on  certain  secondary  railways,  tlie  increased  facilities  of  transport 
made  possible  by  electric  traction  may  lead  to  important  increases  in  the  traffic  and  in  the  receipts. 
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Another  case  where  the  adoption  of  electric  traction  is  worthy  of  consideration  is  that  of  lines 
which  are  worked  up  to  their  full  capacity. 

For  electric  traction  indeed  makes  it  possible,  under  certain  conditions,  to  increase  the  capacity 
for  traffic,  while  avoiding  more  costly  measures  such  as  quadrupling  the  track  or  enlarging  the 
terminal  stations.  This  possibility  is  due.  in  the  first  place,  to  the  greater  speed  of  the  trains, 
resulting  from  quicker  starting  and  less  loss  of  speed  up  gradients,  and  secondly  to  the  reduced 
blocking  up  of  the  terminus  stations  owing  to  the  smaller  number  of  operations  necessary  to 
receive  a  train  and  then  clear  the  siding  for  the  next  train. 

Doing  away  with  smoke  and  steam  in  long  tunnels  will  of  itself  make  it  possible,  in  the  case  of 
some  very  important  lines,  to  subdivide  them  into  very  short  block-sections,  thus  enabling  them 
to  carry  more  traffic  than  with  steam  traction. 

The  great  specific  power  of  electric  motors  is  specially  in  favour  of  their  use  on  mountain 
railways,  whether  adhesion  or  rack  railways.  We  know  that  an  electric  locomotive  need  not 
weigh  more  than  40  to  50  kilograms  per  horse-power  ^89  to  112  lb.  per  British  horse-power)  and 
the  equipment  of  a  motor  car  not  weigh  more  than  20  to  25  kilograms  per  horse-power  (45  to 
56  lb.  per  British  horse- power). 

The  relative  lightness  of  electric  vehicles  also  makes  them  suitable  for  obtaining  very  high 
speeds.  The  large  amount  of  power  which  is  necessary  to  run  a  train  at  from  150  to  200  kilo- 
metres (93  to  124  miles)  per  hour,  can  more  easily  be  furnished  by  electric  motors  fed  from 
outside,  than  by  a  steam  locomotive,  the  weight  of  which  increases  rapidly  with  the  speed  to  be 
attained ;  the  recent  experiments  made  in  Germany  have  proved  (if  indeed  it  was  necessary)  the 
superiority  of  electricity  from  this  point  of  view. 

No  doubt,  before  definite  application,  there  are  still  numerous  practical  problems  to  be  solved, 
in  connection  with  the  safety,  the  brakes,  the  signals,  etc. 

But  the  most  serious  obstacle  to  such  a  great  increase  in  speed  is  the  considerable  expense 
which  would  be  entailed. 

On  the  whole,  it  seems  to  us  that  electric  traction  should  at  present  be  looked  upon  as  a  useful 
auxiliary  to  steAm  traction,  capable  of  operating  certain  parts  of  railway  traffic  with  advantage 
and  economy.  The  principal  cases  in  which  its  adoption  may  at  present  be  feasible  are  :  firstly 
on  lines  which  are  chiefly  underground,  then  on  metropolitan  and  on  suburban  lines,  on  inter- 
urban  lines  of  limited  length  and  with  much  traffic,  on  railways  with  steep  gradients,  and  on  lines 
which  are  Worked  up  to  their  full  capacity. 

It  is  impossible  to  indicate  in  a  general  report  in  any  more  definite  way  the  cases  in  which 
the  system  of  working  may  lend  itself  to  the  application  of  electricity;  it  is  essentially  a  question 
of  degree,  and  each  individual  case  requires  special  examination.  In  this  examination,  special 
consideration  must  be  given  to  the  cost  of  the  electric  equipment,  the  principal  factors  of  which 
are,  in  the  first  place,  the  conditions  of  working,  the  number  and  weight  of  the  trains,  and  secondly 
the  conditions  under  which  the  line  is  built,  its  length,  profile  and  plan;  then  the  charges  for 
interest  and  sinking  fund  of  the  capital  outlay  required  must  be  compared  with  the  economy  which 
electric  traction  will  give,  as  compared  with  steam  traction. 

If  it  is  a  question  of  a  new  line,  the  adoption  of  electric  traction  may,  in  certain  cases,  result  in 
a  lower  cost  of  construction,  whereas  in  the  case  of  existing  lines,  the  value  of  the  rolling  stock 
which  will  be  rendered  useless  by  the  introduction  of  electricity,  has  to  be  taken  into  consideration 
and  written  off. 

Among  the  conditions  in  favour  of  electric  traction  are  naturally  the  proximity  of  easily  util- 
izable  water  power  or  of  other  cheap  sources  of  energy,  such  as  coal  pits  and  blast  furnaces. 
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In  comparing  the  cost  of  traction,  we  must  allow  in  the  case  of  electricity,  in  addition  to  the 
eventual  economy  realized  in  the  production  of  energy  for  the  reduction  of  dead  weight  resulting 
from  the  smaller  weight  of  electric  locomotives,  the  reduction  in  the  cost  of  driving  and  of  main- 
tenance, as  well  as  for  the  accessory  economies  capable  of  being  effected  in  shunting  operations 
at  stations,  in  lighting  the  stations  and  trains^  etc. 

Finally,  if  so  happens,  the  increased  receipts  which  may  result  from  the  improved  service  have 
also  to  be  taken  into  consideration . 

In  any  case,  the  problem  becomes  in  the  end  a  financial  and  economic  one. 

Hr.  Van  Loenen-Hartiiiet,  Dutch  Railways.  (In  French.)  —  Gentlemen,  we  have  all 
read  the  splendidly  clear  reports  that  have  been  prepared  on  this  subject;  conse- 
quently everybody  knows  the  main  points,  and  it  seems  to  me  we  shall  be  wasting  an 
immense  amount  of  time  in  listening  to  summaries  of  these  papers.  I  think  there- 
fore we  might  ask  the  reporters  to  confine  themselves  to  reading  their  conclusions. 
(Agreed,) 

Mr.  Ernest  Oerard,  reporter  for  Great  Britain  and  Belgium.  (In  French.)  —  Person- 
ally I  had  intended  to  confine  myself  to  reading  the  conclusions  of  my  report  after 
having  first  mapped  out  the  subject,  as  I  have  done  on  the  first  page  of  my  paper. 
I  stated  that  among  the  applications  of  electricity  of  main-line  railways,  it  was  necessary  to 
distinguish  between  two  quite  different  methods  in  applying  this  improvement.  One  lies  in 
altering  entirely  the  method  of  traction  over  a  given  section  on  the  lines  of  a  railway  system, 
by  fitting  up  along  the  tracks  something  to  convey  current  from  a  distance  and  so  supply 
energy  to  rolling  stock  provided  for  making  frequent  journeys,  so  as  to  attain  a  class  of  working 
analogous  to  that  of  tramways.  With  the  other  method,  we  are  content  to  use  a  few  automotor 
carriages  which  carry  their  souice  of  energy  in  the  form  of  accumulators  or  some  other  means 
of  generating  electrical  power  internally,  the  object  being  to  use  instead  of  rather  costly  steam 
trains,  on  sections  that  are  not  very  busy,  lighter  rolling  stock  hauled  at  less  cost  per  diem^  and 
that  would  cost  when  standing  idle  in  the  intervals  between  two  trains  nothing  beyond  the  wages 
of  the  staff  as  working  expenses. 

It  is  to  the  first  method  that  the  English  have  applied  the  word  **  electrification  "  —  a  charac- 
teristic word  that  we  shall  adopt  to  signify  an  alteration  which  applies  not  only  to  the  rolling 
stock,  but  embraces  also  the  changes  or  additions  to  the  track  and  the  construction  of  important 
fixed  plant  for  the  generation  and  transmission  of  the  current. 

The  second  method,  by  which  only  the  rolling  stock  is  modified,  may  be  regarded  as  a  kind  of 
.  automobilism. 

This  distinction  explains  the  subdivision  of  my  report  and  conclusions. 

A  preliminary  question  relating  to  this  subdivision  must  first  be  attacked. 

Some  time  the  section  will  be  asked  to  decide  whether  its  enquiries  should  be 
confined  to  the  questions  of  electric  traction  relating  to  the  first  method,  in  other 
words,  whether  it  should  exclude  from  discussion  the  subject  of  automobiles  which 
has  already  been  dealt  with  by  another  section  and  limit  itself  solely  to  ques- 
tion VIII. 

My  report  describes  then  all  that  has  been  done  in  England  in  the  matter  of 
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substituting  electric  traction  for  steam  traction  on  railways  and  you  have  been 
placed  in  a  position  to  observe  that  in  England  the  only  system  followed  is  the 
transmission  of  current  through  a  third  rail,  modified  on  some  lines  by  the  addi- 
tion of  a  fourth  rail.  It  would  perhaps  be  interesting  to  discuss  in  what  cases  a 
fourth  rail  appears  obligatory. 

I  beg  to  draw  the  attention  of  the  section  especially  to  a  portion  of  my  report 
where  some  technical  results  are  dealt  with  and  above  all  those  which  concern  safety. 
Many  methods  have  been  suggested  to  protect  the  staff  from  the  risk  of  contact  with 
the  third  rail.  In  England,  the  Board  of  Trade  has  issued  reports  which  I  mention 
in  reference  to  various  accidents  of  this  kind;  it  has  also  issued  some  bye-laws 
which  apply  to  underground  railways  especially;  these  I  have  reproduced  at  the  end 
of  my  report. 

We  shall  then  have,  in  the  first  place,  to  consider  what  method  of  protection  seems 
to  combine  the  conditions  of  efficiency  and  economy  and  secondly  at  what  points  the 
third  rail  ought  to  be  covered  in. 

I  do  not  think  I  need  stop  to  allude  to  the  few  financial  data  I  have  been  able  to 
collect,  but  I  hope  that  Mr.  Aspinall,  who  is  here,  will  tell  us  some  of  the  results  of 
the  very  interesting  experiments  he  has  doubtless  collected  on  the  Liverpool  and 
Southport  line.  My  only  further  duty  is  to  read  the  conclusions  I  have  suggested  at 
the  end  of  my  report. 

Electrification.  —  In  England,  on  the  lines  where  electric  working  is  now  in  operation,  the 
electrification  is  attended  with  an  increase  in  the  number  of  trains  and  consequently  in  the 
facilities  offered  to  passengers.  The  results  obtained  show  that  this  is  followed  by  an  immediate 
increase  in  the  number  of  passengers  and  in  the  receipts,  with  a  material  decrease  in  the  cost  per 
train-mile,  with  an  increase  in  speed,  a  considerable  increase  in  comfort,  particularly  in  tunnels, 
and  that  this  forms  an  attraction  which  has  a  serious  influence  on  the  number  of  passengers 
carried.  The  danger  to  people  who  have  to  move  about  in  the  neighbourhood  of  the  third  rail, 
and  the  dangers  which  result  from  short  circuits,  can  easily  be  avoided. 

Automobile  cars.  —  In  so  far  as  it  is  a  question  of  trains  at  rare  intervals,  on  sections  where 
there  is  no  advantage  in  increasing  the  number  of  trains,  automobile  cars  make  it  possible  to 
realize  some  economy  as  compared  with  trains  hauled  by  steam  locomotives;  electric  automobile 
cars  have  the  advantage  that  the  speed  can  easily  and  readily  be  controlled  with  great  simplicity 
and  certainty  from  either  end  of  the  car  whithout  any  necessity  for  turning  the  car  round.  Exper- 
ience will  show  whether  accumulators  or  dynamos  driven  by  petrol  motors  give  the  better  results. 

Before  commencing  the  discussion,  perhaps  it  would  be  well  to  leave  the  way 
open  for  Mr.  Young  to  submit  his  report  too. 

The  President.  (In  French.)  —  Mr.  Young  will  now  kindly  give  us  a  summary  of 
his  report,  in  as  few  words  as  possible,  so  as  to  conform  with  the  wish  just  expressed 
by  the  meeting. 

Mr.  W.  D.  Young,  reporter  for  America,  —  In  the  conclusions  which  he  has  just 
read  Mr.  Gerard  says  :  "  The  danger  to  people  who  have  to  move  about  in  the  neigh- 
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bourhood  of  the  third  rail,  and  the  dangers  which  result  from  short  circuits  can 
easily  be  avoided.  "    It  seemed  to  me,  to  that  should  be  added  *  provided  the  right 
of  way  is  properly  protected.  " 
After  this  preliminary  remark,  I  shall  now  read  you  a  summary  of  my  report. 

In  order  to  obtain  the  information  desired,  I  have  prepared  a  set  of  questions,  209  in  number 
which  were  forwarded  to  222  railroads,  from  which  171  replies  wore  received,  leaving  51  which 
did  not  respond.  Of  the  171  replies,  eight  were  from  steam  roads  that  were  using  electricity 
and  were  in  a  position  to  furnish  information.     From  these  I  have  compiled  the  report. 

The  eight  roads  above  referred  to  are  : 

The  Baltimore  &  Ohio  Railroad  Company ; 

Boston  &  Maine  Railroad ; 

Chicago,  Burlington  &  Quincy  Railroad ; 

Hocking  Valley  Railroad ; 

Long  Island  Railroad ; 

New  York,  New  Haven  &  Hartford  Railroad; 

North  Shore  Railroad ; 

Pennsylvania  Railroad. 

The  questions  and  replies  are  as  stated  in  the  appendix  I. 

From  the  foregoing  tabulated  information  taken  in  comparison  with  Mr.  N.  H.  Heft's  report 
read  before  the  International  Congress  in  1900  (*),  the  following  interesting  facts  are  observed  : 
Firstly,  that  the  larger  roads  that  have  interest  themselves  in  the  use  and  development  of  elec- 
trictraction,  have  increased  in  number  from  three  to  eight;  secondly,  the  miles  of  track  operated 
has  correspondingly  increased  from  81*2  miles  to  about  172  miles;  thirdly,  there  are  special 
cases  noted  where  the  speed  has  increased  from  a  maximum  on  the  level  of  40  miles  to  48  miles 
per  hour;  fourthly,  the  load  has  not  increased  materially  in  the  special  case  given,  cis.  :  the 
Baltimore  &  Ohio,  although  there  is  a  tendency  towards  increasing  the  train  load,  and  to  meet 
this  condition,  the  railroad  company  has  purehased  larger  and  heavier  locomotives  since  the 
report  of  1900  was  made. 

The  alternating  current  motor  with  its  inherent  advantages  of  high  voltage  distribution  is 
eminently  adapted  to  replace  the  steam  locomotive  on  either  high  speed  passenger  or  heavy 
freight  haulage  work;  and  as  the  compensated  type  of  motor  is  perfectly  adapted  to  operate  on 
both  A.  C.  and  D.  C.  trolley,  the  alternating  current  motor  must  be  considered  a  large  factor  in 
future  suburban  railway  systems.  The  compensated  motor  is  essentially  a  variable  speed  motor 
differing  in  this  respect  from  the  multiphase  induction  motor  whose  constant  speed  characteris- 
tics proved  so  serious  a  handicap  to  its  successful  adoption  in  railway  work.  The  speed  torque 
characteristic  of  the  compensated  motor,  is  very  similar  to  that  of  the  direct  current  series  motor, 
while  its  commutating  qualities  and  method  of  control  prove  equally  satisfactory. 

In  conclusion,  I  wish  to  say  that  the  profession  at  large  have  felt  the  keenest  interest  in  the 
development  of  the  alternating  current  motor.  The  importance  has  long  been  manifest,  that  if 
electrical  railroad  service  is  to  make  the  rapid  strides  in  the  future  that  it  has  in  the  past, 
greater  regard  must  be  paid  to  the  economy  of  distribution,  which  means  ultimately  higher 


(*)  Vide  BtdUtin  of  the  Railway  Congress,  No.  5,  May,  1900  (2"'*  part),  p.  1453,  and  Proceedings 
of  the  sUrth  session  (Paris,  1900),  vol.  4.  p.  XlX-3. 
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working  voltages  and,  if  possible,  the  elimination  of  the  present  method  of  distribution  to  sub- 
stations. We  are  then  confronted  with  the  problem  of  perfecting  an  alternating  current  motor. 
The  inherent  defects  of  the  polyphase  motor  in  securing  variable  speeds  and  inability  to  make  up 
time,  practically  condemns  it  for  railway  work  in  general ;  at  least  I  believe  this  opinion  is  lar- 
gely shared  by  American  engineers. 

There  has,  therefore,  to  be  evolved  a  machine  which  could  successfully  work  on  long  lines 
where  long  distance  transmission  is  essential. 

How  successfully  this  motor  will  operate  under  the  exacting  conditions  that  are  presented  in 
hauling  of  freight  on  our  present  commercial  lines,  still  remains  a  matter  of  speculation. 

Mr.  Panl-Dubois.  (In  French.)  —  In  the  absence  of  Mr.  Tremontani,  I  shall  now 
read  you  the  conclusions  of  his  report  : 

I.  —  General  features  : 

a)  Electric  traction  offers  a  number  of  advantages  of  a  technical  nature,  in  working  and  in 
economy,  over  the  existing  methods  of  steam  traction  and  although  —  to  judge  by  the  limited 
number  of  practical  trials  made  up  to  the  present  —  the  problem  does  not  appear  to  have  been 
solved  completely  and  finally  (except  in  certain  special  cases  :  metropolitan,  suburban  and 
mountain  railways),  the  question  of  the  application  of  this  new  and  seductive  method  of  traction 
to  large  railways  is  worthy  of  serious  investigation,  not  only  in  the  case  of  companies  working 
metropolitan  lines  and  those  working  the  suburban  traffic  of  some  of  the  large  provincial  towns, 
but  also  of  the  others,  and  more  particularly  those  which  have  to  meet  the  fierce  competition  of 
electric  tramways : 

b)  The  application  of  electricity  to  the  traction  of  railway  trains  is  now  a  necessity  and  requires 
to  be  seriously  investigated  and  applied,  particularly  in  the  c^e  of  countries  —  like  Italy  and 
Switzerland  —  where  coal  is  dear  and  where,  on  the  other  hand,  there  are  powerful  natural 
sources  of  supply  of  energy. 

II.  —  The  electric  supply  system  to  be  adopted  : 

a)  The  system  of  separate  automotor  vehicles  with  batteries  of  accumulators  has  not  given 
good  results,  and  until  there  is  a  new  accumulator,  of  very  light  construction,  with  very  large 
capacity  and  capable  of  being  charged  very  quickly,  there  is  no  prospect  of  the  application  of 
this  system  to  railway  traction  even  for  short  distances  and  over  easy  lines ; 

b)  In  the  present  state  of  science,  it  appears  probable  that  electric  traction  on  railways  proper 
will  only  be  possible  practically  by  the  use  of  current  generated  by  stationary  plant  at  central 
stations,  transmitted  to  the  locomotives  by  insulated  conductors  laid  along  the  permanent  way 
and  utilized  in  the  motors  on  the  train.  This  is  now  rendered  more  easy  by  the  advance  which 
has  been  made  in  high  tension  generation,  distribution  and  conversion,  currents  at  60,000  volts 
being  now  generated  in  several  stations,  enabling  any  amount  of  electric  energy  to  be  conveyed 
with  certainty,  ease  and  economy  to  sub-stations  up  to  a  distance  of  400  kilometres  (249  miles), 
so  that  it  would  now  be  possible  to  supply  a  line  of  railway  400  kilometres  in  length  from  a 
single  generating  station ; 

c)  The  coiHinuous  current  system  has  been  thoroughly  tried  and  its  use  in  traction  on  rail- 
ways has  demonstrated  its  excellent  qualities  of  large  range  of  load  (great  acceleration)  and 
elasticity ;  it  is  to  be  prefered  where  it  is  a  question  of  a  railway  with  heavy  passenger  and  goods 
traffic,  and  where  a  frequent  and  quick  service  is  required ; 
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d)  The  three-phase  current  system  is  complicated,  and  has  the  disadvantage  of  loss  of  a  consi- 
derable amount  of  energy  in  the  resistances  when  starting ; 

e)  A  great  movement  in  favour  of  the  single  phase  system  has  taken  place  during  the  last  few 
years  in  Italy  and  in  Germany,  and  is  spreading  little  by  little  also  in  America.  -This  last  system 
is  theoretically  better  than  the  preceding,  and  although  the  applications  of  the  single  phase  motor 
to  railway  traction  are  but  in  their  infancy,  it  may  be  definitely  stated  that  in  them  will  be  found 
the  solution  of  the  problem  for  light  railways,  and  for  those  lines  which  run  into  towns  where  this 
motor  can  also  utilize  the  continuous  current  supply. 

III.  —  From  the  service  point  of  view  : 

In  the  first  place,  it  must  be  borne  in  mind  that  the  ideal  traffic  for  passengers  is  that  obtained 
by  a  service  similar  to  that  on  tramways  but  at  high  speed;  that  is  to  say,  thai  the  existing  trains 
which  start  at  intervals  of  several  hours  should  be  replaced  by  light  trains  running  at  short  inter- 
vals. Now  in  order  to  obtain  greater  speed  for  the  existing  trains,  the  steam  locomotive  cannot 
be  used,  as  it  has  nearly  reached  its  limits  of  economy  and  power,  and  we  must  turn  to  the  electric 
motor  which  can  easily  give  the  extreme  speeds  at  present  in  demand  for  express  trains.  To 
obtain  the  frequent  service  desired  by  the  public,  steam  trains  cannot  be  multiplied  without  lar- 
gely increasing  the  working  expenses,  whereas  with  electric  traction,  the  increase  in  number  of 
the  trains  entails  but  small  additional  expenditure. 

With  the  adoption  of  electric  traction  on  railways,  a  new  service  should  be  commenced  with 
frequent  fast  trains  of  smaller  size.  The  ideal  with  electric  traction  is  the  automotor  vehicle 
itself  forming  the  whole  train. 

The  reporter  is  of  opinion  that  the  following  conclusion  may  be  drawn  :  that  in  the  future 
trains  of  great  length  will  no  longer  be  run  (except  for  long  distances),  and  that  numerous  short 
trains  will  bo  run  instead.  This  result  will  in  a  great  measure  depend  on  the  advances  made 
in  electric  technology ;  but  even  now,  the  possibilities  of  electricity  and  of  its  mode  of  transmission 
are  realized  as  affording  several  good  solutions,  none  of  which  can  be  regarded  as  final,  but  all 
of  which  have  their  advantages  according  to  the  mode  of  application  and  to  local  conditions. 

The  President.  (In  French.)  —  Gentlemen,  you  have  now  heard  the  very  brief  sum- 
maries of  the  reports  and  the  conclusions  submitted  for  the  approval  of  the  section. 

These  reports  are  of  such  high  importance  and  of  such  great  length  that  the  sum- 
maries to  which  we  have  listened,  though  reduced  to  a  minimum,  have  taken  rather 
a  long  time  which  however  has  not  been  wasted. 

I  now  declare  the  discussion  open  upon  all  four  reports. 

Mr.  Schulz,  German  Goverment.  (In  German  and  in  English.)  —  Some  exper- 
iments were  made  in  Germany  with  high  speed  electric  traction.  The  object  of 
these  experiments  was  to  determine  scientifically  if  high  speed  electric  traction 
were  possible  and  satisfactory  on  main  railway  lines.  For  this  purpose,  a  special 
commission,  called  the  Society  for  investigating  fast  travel  on  electric  lines  {Studim 
Gesellschaft  fur  die  electriscfie  Schnellbahnen),  was  formed  in  Berlin  in  1899. 

In  a  great  number  of  trial  runs,  speeds  of  200  to  210  kilometres  (124  to  130*5  miles) 
per  hour  were  attained,  which  are  much  higher  than  those  previously  reached. 

The  experiments  showed  that  the  ordinary  type  of  superstructure,  properly 
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strengthened,  would  suffice  for  speeds  of  200  kilometres  (i2i  miles)  per  hour  and 
more,  and  that,  on  the  other  hand,  the  general  arrangement  of  express  passenger 
cars  is  well  adapted  to  great  speeds,  provided  the  wheel-base  be  sufficiently  increased. 

Because  of  the  great  amount  of  energy  to  be  transmitted  to  the  motors,  it  had 
been  found  convenient  to  use  the  three-phase  current  with  a  tension  of  10,000  to 
12,000  volts. 

The  current  was  transmitted  by  three  copper  wires  of  100  square  millimetres 
(0'155  square  inch)  sectional  area  each,  placed  one  above  the  other  in  a  vertical 
plane,  on  one  side  of  the  permanent  way.  The  bowlike  pole  for  taking  the  current 
was  very  light  and  provided  with  double  acting  springs  which  pressed  the  pole 
against  the  wires  with  a  sufficient  pressure  to  assure  a  good  contact  at  the  highest 
speed.  The  experiments  have  shown  that  it  is  thus  possible  to  transmit  a  great 
amount  of  energy  to  an  electric  car  going  at  a  high  speed.  The  arrangements  used 
have,  in  fact,  permitted  the  transmission  of  as  many  as  2,000  kilbwatts  to  cars  going 
at  a  speed  of  almost  60  metres  (197  feet)  per  second,  and  this  under  unfavourable 
atmospheric  conditions. 

The  experiments  have  also  shown  that  three-phase  motors  were  well  adapted  for 
high  speed  traction  on  main  lines.  The  starting  resistances,  liquid  or  metallic,  have 
worked  well. 

In  all  observations,  special  care  was  taken  to  determine  the  speed  in  an  exact 
manner.  The  trial  cars  were  furnished  for  this  object  with  special  apparatus  of  the 
Morse  type. 

The  measurement  of  the  total  resistance  to  traction  has  given  the  following 
results  :  the  resistance  due  to  friction  which  is  only  1*5  kilogram  per  ton  (3*36  lb. 
per  English  ton)  at  a  speed  of  5  kilometres  (3*1  miles)  per  hour  increases  gradually 
with  the  speed  and  becomes  3  kilograms  (672  lb.  per  English  ton)  at  a  speed  of 
200  kilometres  (124  miles)  per  hour. 

The  resistance  due  to  the  air  increases  much  more  rapidly  with  the  speed;  though 
practically  nil  at  5  kilometres  (3*1  miles),  it  rises  to  200  kilograms  per  square  metre 
(41  lb.  per  square  foot)  of  the  automotor  vehicle's  front  surface  at  a  speed  of 
200  kilometres  (124  miles).  It  is  this  resistance  which  really  limits  the  speed  which 
can  be  realized.  The  resistance  of  a  trail  car  is  much  less  than  that  of  the  first  auto- 
motor car,  because  it  is  partially  protected  by  the  motor  car.  It  is,  therefore,  more 
economical  to  make  up  the  trains  of  several  cars  than  to  run  single  automotor  cjirs 
at  short  intervals,  though  the  latter  system  is  more  satisfactory  from  the  public  point 
of  view. 

With  a  slowing  down  of  1  V?  metre  (4*92  feet)  per  second,  which  can  be  realized 
without  danger  to  the  passengers,  trains  running  at  a  speed  of  160  to  200  kilometres 
(100  to  124  miles)  per  hour  can  be  stopped  in  a  distance  of  650  to  1,000  metres 
(710  to  1,094  yards),  respectively. 

At  speeds  higher  than  120  kilometres  (74*6  miles)  per  hour,  the  signals  could  not 
be  seen  during  bad  weather  in  sufficient  time.     This  has  been  improved  by  means 
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of  an  electro-magnetic  arrangement  which  places  a  red  disk  before  the  eyes  of  the 
motorman  if  the  signal  in  front  of  him  is  at  "  danger  ". 

More  than  three  hundred  trial  runs  were  made  without  any  accident. 

This  opens  a  great  field  to  railroad  engineers  and  electricians,  and  I  express  the 
wish  that  the  operation  of  a  high  speed  electric  railroad  may  soon  become  an . 
accomplished  fact, 

Mr.  J.  A.  F.  Aspinall,  Lancashire  &  Yorkshire  Railway,  Great  Britain.  —  The 
description  which  Mr.  Gerard  has  given  of  the  Liverpool  &  Southport  Railway  is 
so  complete  that  I  do  not  think  I  can  add  anything  to  it  of  a  technical  character, 
but  I  fancy  I  understood  him  to  say  that  he  considered  that  electric  traction  would 
result  in  economy  of  working.  We  did  not  enter  into  electric  traction  with  any  idea 
that  we  should  get  economy  of  working.  We  did  not  expect  to  save  money ;  we 
expected  to  make  money,  —  two  very  different  things.  We  started  to  operate  our 
line  on  the  22"^  of  March  last  year,  and  therefore,  we  have  had  practically  twelve 
months'  experience,  and  the  results  in  the  increase  of  traffic  have  been  most  satis- 
factory, but  the  results  of  operation  have  shown  us  that  we  were  right  in  expecting 
that  it  would  cost  more  money  to  work  than  it  did  when  we  used  locomotives  in 
the  ordinary  way.  The  cost  per  ton  mile  for  coal,  for  instance,  is  greater.  The 
cost  for  the  train  crew  is  less,  and  that  is  less  because  we  are  able  to  get  a  larger 
mileage  per  day  out  of  our  stock.  Perhaps  I  might  mention  here  that  our  train 
crew  consists,  with  our  express  trains,  of  two  men.  The  trains  are  formed  of  four 
cars  60  feet  long,  and  sometimes  five  cars,  but  generally  four  cars  with  the  express 
trains.  There  is  one  motorman,  there  is  one  guard.  There  are  none  of  the 
numerous  men  that  you  carry  in  this  country  upon  the  different  platforms.  As 
soon  as  the  express  train  starts,  it  is  the  duty  of  the  guard  to  go  forward  into  the 
niotorman's  compartment,  so  that  he  may  be  there  to  assist  him  should  it  be 
required.  With  regard  to  the  stopping  trains,  we  have  three  men,  a  motorman,  a 
guard  in  the  front  baggage  compartment,  a  guard  in  the  rear  baggage  compartment, 
and  we  have  a  trouble  which  you  have  not  got  here,  because  we  have  two  classes, 
third  class  and  first  class,  and  we  have  to  handle  the  baggage  which  is  brought  by 
the  ordinary  passenger  for  any  of  the  intermediate  stations.  The  journey  over  our 
Southport  line  occupies  thirty-seven  minutes,  and  we  stop  fourteen  times.  We 
allow  fifteen  seconds  for  each  stop,  and  that  fifteen  seconds  is  found  to  be  sufiicient 
to  enable  us  to  let  in  our  passengers  and  to  get  in  our  baggage,  and  the  public 
themselves  open  the  doors  on  the  platforms  and  shut  them.  We  have  been  consid- 
erably assisted  in  getting  our  passengers  in  and  out,  by  having  issued  in  the  first 
instance  notices  to  the  public  requesting  them  to  get  in  at  the  rear  door  of  the  train 
and  to  get  out  at  the  front  door  of  the  train.  That  request  has  been  complied  with 
in  a  very  extraordinary  degree,  and  it  enables  us  to  load  and  unload  our  trains 
within  the  prescribed  time. 

So  far  as  the  advantages  of  electrical  equipment  are  concerned,  one  of  the  things 
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which  led  us  to  change  from  steam  to  electricity  on  this  particular  line,  was  the 
difficulty  that  we  had  at  our  terminal  station  at  Liverpool  in  handling  the  large 
number  of  people  who  have  to  come  in  during  the  rush  hours,  and  it  is  quite 
obvious  that  if  you  work  into  a  terminal  station  with  steam  trains,  every  time  a 
steam  train  comes  in  and  goes  out,  you  have  four  platform  operations  and  eight 
signal  operations.  First  of  all  the  train  comes  in;  then  a  locomotive  follows  it, 
that  is  two;  then  Ihe  train  goes  out,  that  is  three;  then  the  locomotive  which 
brought  it  in  goes  out,  that  is  four.  That  is  four  platform  operations,  which  means 
eight  signal  operations.  That  all  takes  time.  Now,  with  the  electric  train,  you 
come  in ;  that  is  one.  The  motorman  goes  to  the  other  end  of  the  train,  the  train 
goes  out;  that  is  two.  You  have  only  two  platform  operations,  four  signal  opera- 
tions. The  result  is  that  you  double  your  terminal  accommodation.  In  addition  to 
that,  it  so  happened  that  we  had  upon  this  particular  line  four  tracks  going  out  for  a 
certain  distance  toward  Southport,  We  were  able,  as  a  consequence  of  the  electrific- 
ation, to  relinquish  the  use  of  two  of  those  tracks  and  devote  them  to  freight  train 
service ;  but  the  number  of  passengers  travelling  has  become  so  great,  through  the 
increase,  that  we  shall  have  almost  immediately  to  equip  those  tracks  with  the  third 
rail  and  begin  to  use  them  partially  again  during  the  rush  hours  for  passenger 
service. 

So  far  as  the  original  cost  is  concerned,  it  does  not  seem  to  be  possible,  dealing 
with  a  line  such  as  that  which  Mr.  Gerard  has  described,  to  run  the  service  which  he 
has  given,  —  to  run  coaches  such  as  we  have,  which  are  much  larger  than  the  coaches 
which  you  use  upon  your  subway,  say,  in  New*  York,  and  which  are  much  more 
like  main  line  coaches,  —  it  does  not  seem  possible  to  look  forward  to  equipping 
such  a  line  with  electric  traction  for  less  thaa  about  £20,000  per  mile,  and  that 
roughly,  I  think,  represents  something  like  three  and  a  half  times  the  cost  of 
equipping  it  for  steam  traction.  The  result  is,  that  when  you  come  to  add  your 
operating  costs  to  your  interest  and  depreciation,  there  is  no  doubt  that  it  will  cost 
you  more  money  per  ton  mile  run,  though  you  may  very  well  get  it  back  again 
by  the  very  large  increase  in  passenger  traffic. 

I  want  to  repeat  that  it  is  not  a  question  of  saving  money;  it  is  a  question  of 
making  money.  (Applause.)  Therefore  the  conclusion  of  Mr.  Gerard's  report,  in 
which  he  says  :  "  In  England,  on  the  lines  where  electric  working  is  now  in  oper- 
ation, the  electrification  is  attended  with  an  increase  in  the  number  of  trains  and 
consequently  in  the  facilities  offered  to  passengers,  "  —  1  need  not  read  all  that,  but 
1  merely  want  to  say  that  one's  own  conclusions  agree  with  that. 

Will  you  permit  me  to  add,  Mr.  Chairman,  that  we  do  not  find  that  the  weight  of 
what  we  may  call  the  locomotive  equipment  of  the  train  is  any  less  than  it  would  be 
with  the  steam  locomotive;  and  dealing  with  maia  line  work,  there  is  no  doubt  that 
the  aggregate  weight  of  tlie  motors,  the  controllers  and  the  electrical  e-quipment  will, 
in  almost  every  case,  come  to  as  much  as,  if  not  more  than,  the  weight  which  would 
be  required  if  the  train  were  going  to  be  hauled  by  a  steam  locomotive. 
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The  President.  (In  French.)  —  We  ought  to  be  particularly  obliged  to  Mr.  Aspinall, 
because  he  has  been  very  unwell  and  has  left  his  room  purposely  to  come  and  give 
us  these  particulars  at  this  meeting.  (Applatise,) 

Mr.  Ernest  Gerard.  (In  French.)  —  It  was  with  the  greatest  pleasure  that  I  listened 
to  Mr.  Schulz  discoursing  upon  high  speed  electric  traction,  because  I  believe  that 
opinions  with  regard  to  electric  traction  at  ordinary  speeds  are  already  settled.  But 
Mr,  Schulz  who  belongs  to  the  country  which  bred  Wagner,  whose  music  we  hear  is 
that  of  the  future,  comes  also  from  a  country  where  they  have  specially  studied  the 
traction  of  the  future  which  I  shall  call  the  traction  oi  extra  speed. 

1  am  not  now  considering  the  electrification  of  lines  at  present  worked  by  steam 
where  the  speed  is  settled  and  the  track  is  laid ;  I  am  thinking  of  something  new,  not 
only  as  regards  speed,  but  also  as  regards  the  track. 

I  must  insist  upon  this  point :  to  meet  the  needs  of  extra  speedy  the  present  track, 
if  it  suffices  at  all,  will  have  to  be  strengthened  to  the  utmost  extent  in  its  present 
constitution  and  even,  I  fancy,  altered  to  a  certain  degree. 

That  such  a  speed  could  have  been  attained  between  Zossen  and  Berlin,  I  attribute 
in  great  part  to  the  road. 

1  had  the  honour  and  the  pleasure  (I  was  the  first  stranger  who  had  this  honour 
and  Mr.  Schulz  helped  to  obtain  it  for  me)  to  be  allowed  to  travel  in  one  of  the  electric 
cars  during  a  trial  trip  when  the  speed  reached  207  kilometres  (128'6  miles)  an  hour. 

It  was  on  the  20^^  October  1903.  We  had  previously  examined  the  track  with 
great  care. 

The  track  was  laid  like  this  {see  diagram  on  the  following  page). 

You  will  notice  that  there  is  a  space  of  oO  millimetres  (i  31/3^  inch)  between  the 
head  of  the  bearing  rail  and  the  flat  surface  of  the  check-rail. 

I  asked  myself  what  was  the  advantage  of  thfe  check  rail  with  which  the  track  used 
for  the  experiments  in  the  high  speed  electric  traction  was  equipped.  As  a  matter 
of  fact,  it  helps  very  seriously  and  efficiently  in  preventing  any  increase  in  side-way 
oscillation  when  it  begins  to  arise.  To  make  sure  of  this,  I  made  chalk  marks  on 
the  flat  surface  and  the  result  was  what  I  expected,  namely  that  the  chalk  was 
rubbed  olf  to  reappear  further  on  ;  I  repeated  similar  experiments  in  other  ways  at 
other  points  and  got  similar  results.  This  clearly  demonstrates,  I  repeat,  that  the 
guard  rail  helps  markedly  in  checking  oscillation  which  had  proved  fatal  in  the 
experiments  of  the  two  preceding  years. 

Consequently  we  are  entitled  to  affirm,  that  after  having  almost  failed  in  the 
attempts  carried  out  on  an  ordinary  track,  these  Berlin  gentlemen  were  quite  well 
advised  in  strengthening  their  road  in  this  manner. 

One  of  my  colleagues  in  the  Belgian  commission,  has  calculated  the  resistance  of 
the  materials  constituting  the  track  and  he  found  that,  in  the  vertical  direction,  the 
guard  rail  helped  to  increase  the  stiffness  of  the  track  by  50  per  cent  and,  horizon- 
tally, in  the  ratio  increased  of  7  to  4. 
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The  very  great  reduction,  one  might  almost  say  the  practical  absence  of  deforma- 
tion in  the  track,  assists  immensely  in  reducing  to  a  minimum  the  mechanical 
resistance  to  traction. 


Explanation  of  French  teiins  :  Crapuud 


Fig.  1. 

I  (Tochel  GE  =  Claw-itluK  OK. 
Ecuri4;meut  =  Ouugc 


I'rofll  normal  =  Normal  protlle. 


Consequently,  it  seems  to  me  proved  that  if  such  extra  speeds  are  to  be  reached 
someday  under  working  conditions,  we  shall  have  to  iind  a  method  of  strengthening 
by  some  expedient,  to  obviate  the  oscillating  movements  and  decrease  the  resistance 
to  traction,  while  at  the  same  time  increasing  safety  and  comfort. 
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Mr.  Sohulz.  (In  German.)  —  I  agree  entirely  with  Mr.  Gerard  in  stating  that  the 
side  rails  were  very  necessary.  The  second  rail  is  of  particular  importance  as  giving 
a  very  great  strengthening  of  the  permanent  way.  Dudng  the  experiments  red 
color  had  been  put  on  the  side  rails,  and  of  course  some  of  the  red  color  was 
removed  by  the  tires  at  certain  points,  but  this  was  only  in  consequence  of  the 
oscillating  movement.  But,  our  engineers  differed  as  to  whether  the  side  rails  were 
necessary  to  prevent  derailments.  The  future  alone  can  determine  definitely  what 
will  be  necessary,  and  whether  these  side  guard  rails  may  prove  superfluous. 

I  thank  Mr.  Gerard  very  much  for  his  reference  to  our  celebrated  musician 
Wagner.  I  think  if  our  trials  with  high  speed  electric  railways  should  have  similar 
success  to  that  of  Mr.  Wagner,  we  should  be  very  well  satisfied.  (Applause.) 

The  President  (In  French.)  —  Gentlemen,  we  have  heard  some  very  interesting 
information  about  traffic  carried  at  extra  high  speed,  but  the  reports  deal  more 
especially  with  the  application  of  electricity  to  more  moderate  speeds.  Mr.  Aspi- 
nall  has  given  us  some  details  about  the  applicaUon  of  electricity  in  Liverpool. 
Cannot  we  have  some  data  of  this  kind  on  trials  carried  out  in  other  countries? 

Mr.  Laurent,  Orleans  Railway,  France.  (In  French.)  —  Gentlemen,  French  engi- 
neers quite  agree  with  the  conclusions  drawn  up  by  Mr.  Paul-Dubois  and  they  have 
been  accepted  likewise  by  Mr.  Gerard.  It  is  stated  therein  that  in  individual  cases, 
electric  traction  provides  a  good  and  economical  solution  to  the  problem  pro- 
pounded.    Such  was  the  case  on  the  Paris  &  Orleans  Company's  line. 

Our  applications  of  electric  traction  on  the  Orleans  Company  were  carried  out  in 
two  stages.  .  Five  years  ago,  we  first  had  to  extend  our  main  lines  into  the  heart  of 
Paris.  Our  Quai  d*Orsay  station,  which  some  of  you  were  able  to  view  at  the  time 
of  the  last  meeting  of  the  Congress,  is  situated  in  the  centre  of  Paris  and  is  connected 
with  the  Austerlitz  station  by  a  tunnel.  Our  original  intention  was  to  do  away  with 
any  locomotive  in  this  tunnel  that  produced  smoke.  We  were  thereupon  induced  to 
consider  the  introduction  of  electric  traction  as  compared  with  other  methods  of 
traction  which  caused  as  little  smoke  as  possible. 

Our  attention  was  then  drawn  to  the  use  of  electricity  in  America,  and,  among 
others  to  the  Baltimore  and  Ohio  lines.  Several  of  our  engineers  went  out  to  study 
this  and  in  conformity  with  the  conclusions  they  reached,  it  was  decided  to  use  elec- 
tric traction  on  the  extension  of  our  lines  into  Paris.  The  scheme  was  carried  out 
about  five  years  ago,  and  since  then  electric  traction  has  been  used  for  all  our  trains 
between  the  Austerlitz  and  Quai  d'Orsay  stations  to  our  entire  satisfaction. 

Subsequently,  owing  to  the  needs  of  traffic,  we  have  been  induced  to  quadruple 
our  main  line  in  the  neighbourhood  of  Paris  and  although  we  still  have  not  any  very 
heav7  suburban  traffic,  we  have  considered  whether,  in  view  of  the  present  condi- 
tions, and  in  view  of  our  having  a  central  generating  station,  it  would  not  be  bene- 
ficial to  take  advantage  of  this  quadrupling  and  immediately  equip  with  electricity 
two  of  these  lines  set  apart  for  suburban  traffic.     The  result  of  this  enquiry,  having 

y.  XI  95 
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regard  to  the  special  surrounding  circumstances,  was  that  we  decided  it  an  advantage 
to  use  electricity. 

We  began  using  electric  traction  between  Paris  and  Juvisy,  a  section  of  22  kilo- 
metres (d3'67  miles),  on  the  1**  of  last  July,  The  trains  are  hauled  either  by  the 
same  locomotives  that  carry  on  the  service  of  trains  on  our  Paris  extension  between 
the  Austerlitz  and  Quai  d'Orsay  stations,  or  by  motor  cars,  the  trains  in  this  case 
being  equipped  with  a  method  of  control  like  ordinary  motors.  This  service  has 
been  running  for  several  months  quite  satisfactorily,  both  from  a  mechanical  and 
economic  standpoint. 

Consequently,  we  entirely  agree  as  to  the  ease  with  which  electric  traction  may 
prove  an  advantageous  solution  in  certain  individual  cases. 

1  have  listened  wilh  much  interest  to  the  account  of  the  remarkable  experiments 
conducted  in  Germany,  which  moreover  the  whole  world  followed  with  equal  interest. 

As  "Mr.  Gerard  said,  I  think  these  experiments  present  a  problem  different  from 
any  that  has  so  far  been  solved  by  the  applications  of  electric  tractions  —  I  mean  the 
problem  of  electric  traction  on  main  lines  at  high  speied. 

In  listening  to  the  very  interesting  figures  provided,  I  could  not  help  thinking 
that  it  seems  clear  from  all  that  was  said  that  these  experiments  proved  that  the  use 
of  electric  traction  at  high  speeds  would  necessitate  the  building  of  new  lines  or 
any  way  a  complete  renewal  of  the  track.  Furthermore,  I  think  some  side  ques- 
tions will  have  to  come  up  for  solution,  such  as  signalling  and  braking  which  are 
relevant. 

Lastly,  1  was  struck  with  the  gigantic  resistance  which  increases  with  the  speed. 

If  I  correctly  understood  the  figures  recently  quoted,  cars  weighing  90  tons  and 
carrying  50  passengers  require  on  the  level  1,340  horse-powers  for  a  speed  of 
190  kilometres  (118  miles)  an  hour.  Now  our  fast  trains  running  at  an  average 
speed  of  90  to  92  kilometres  (oO  to  57  miles)  and  which  consequently  at  times  do 
105  and  even  110  kilometres  (65-3  and  even  68*4  miles)  an  hour,  hauled  by  loco- 
motives of  similar  power,  can  accommodate  as  many  as  400  first  class  passengers. 

We  should  have,  therefore,  to  anticipate  enormous  expenses  in  using  very  high 
speed  electric  traction  and,  besides  the  technical  question  which  appears  to  have 
been  thoroughly  studied  in  Germany,  the  following  question  seems  to  me  to  arise  : 
on  what  lines  would  it  be  advantageous  to  run  such  trains?  Can  we  imagine  that 
the  advantage  of  increasing  speed  to  such  an  extent,  can  justify  the  expenditure  we 
anticipate  in  building  these  lines  and  running  these  trains? 

1  should  be  very  gratified  to  receive  any  infonnation  that  can  be  afforded  on  this 
subject. 

We  have  seen  in  the  papers  suggestions  of  building  several  high  speed  lines,  for 
instance  a  line  between  Liverpool  and  Manchester,  one  between  Brussels  and 
Antwerp,  and  lastly  several  lines  in  Germany. 

Has  the  subject  been  considered  from  a  financial  aspect  in  the  case  of  these  pro- 
jected lines? 
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Mr.  Ernest  Oerard.  (In  French.)  —  There  is  no  idea  of  attaining  extra  high  speed 
on  the  line  projected  between  Brussels  and  Antwerp.  There  is  only  44  kilometres 
(27*3  miles)  between  the  two  cities  now,  and  the  su^ested  route  would  also  probably 
shorten  the  distance. 

The  problem  to  be  settled  in  building  this  line  between  Brussels  and  Antwerp 
might  be  stated  as  follows  :  given  two  great  cities  with  constant  intercommunication, 
to  connect  by  a  sort  of  interurban  tramway  running  at  about  dOO  kilometres 
(62  miles)  an  hour.  This  service  to  be  very  frequent  and  the  fare  a  little  lower 
than  the  present  full  fare  so  as  to  provide,  from  the  centre  of  one  great  city  to  the 
centre  of  the  other,  great  facilities  to  passengers  by  giving  them  plenty  of  choice  in 
the  hour  to  start  and  ability  to  travel  as  suits  them  best. 

Mr.  8chiilz.  (In  German.)  —  Answering  the  question  raised  by  Mr.  Laurent, 
I  would  say  that  for  a  speed  of  200  kilometres  (i24'3  miles)  entirely  new  lines  must 
be  constructed.  The  newly  constructed  lines  must  be  quite  independent.  Of  course 
they  cannot  have  any  level  crossings.  If  such  lines  are  to  be  built,  of  course  great 
expense  will  be  the  consequence.  It  isindeed  necessary  to  consider  very  seriously 
at  which  places  such  new  lines  for  high  speed  may  be  constructed  with  good  financial 
results.  I  think  that  in  the  beginning,  they  can  only  be  constructed  between  large 
cities  which  have  a  great  interchanging  traffic  between  them.  In  Germany,  appli- 
cation has  been  made  to  construct  a  railway  of  high  speed  between  Berlin  and 
Hamburg,  and  there  arc  now  two  companies,  Siemens-Halske  and  the  Allgemeine 
Ekctridtdts  Gesellschaft^  who  are  asking  the  government  for  the  right  of  way  to 
construct  that  high  speed  railway,  but  the  question  is  still  pending.  Good  results 
can  be  hoped  for  by  connecting  two  cities  between  which  there  is  already  so  large  a 
business.  Experience  has  shown  that  great  frequency  of  trains  increases  the  traffic 
itself.  The  distance  between  Hamburg  and  Berlin  is  about  286  kilometres 
(178  miles).  At  present  the  fastest  trains  run  the  distance  within  three  and  a  half 
hours.  In  future,  using  this  high  speed  electric  railway,  the  distance  would  be 
travelled  within  an  hour  and  a  half,  and  this  increase  of  speed  would  of  course 
increase  the  traffic,  as  experience  has  shown  everywhere. 

I  regret  that  I  am  not  able  for  the  present  to  give  any  accurate  details  about  the 
financial  side  of  the  question.  I  think  it  is  very  fitting  to  put  this  question  here  in 
the  United  States,  because  in  the  eastern  part  of  this  country  the  problem  may  come 
up  of  building  a  high  speed  railway,  for  instance,  between  Washington,  Baltimore, 
Philadelphia  and  New  York,  because  these  large  cities  already  have  a  very  heavy 
interchange  traffic;  so  I  hope  that  by  and  by  in  the  United  States  also  this  problem 
of  high  speed  electric  railways  will  be  seriously  considered. 

Mr.  Sabonret,  French  Western  Railway.  (In  French.)  —  The  Western  Company  of 
France  has  had  occasion  to  put  down  an  electric  installation  in  the  neighbourhood 
of  Paris  very  similar  to  that  which  the  Orleans  Company  has  introduced  for  the  Paris 


Digitized  by 


Google 


—  4392  — 

and  Juvisy  line  which  Mr.  Laurent  just  described.    This  installation  was  carried  out 
between  1898  and  1900. 

The  current  used  for  running  the  trains  is  a  continuous  500  volt  current  obtained 
by  transforming  a  primary  triphase  5,500  volt  current.  The  energy  is  therefore 
distributed  as  in  the  case  of  the  Orleans  Company  and  also  on  the  Liverpool  &  South- 
port  Railway. 

Our  line  is  17  kilometres  (10*6  miles)  long  and  rises  nearly  100  metres  (328  feet) 
between  Paris  and  Versailles.  In  Paris,  the  terminus  is  under  the  Esplanade  des 
Invalides.  Between  Paris  and  Versailles,  the  line  runs  through  a  hill  in  a  tunnel 
3  V2  kilometres  (2-17  miles)  long,  with  a  steady  rising  gradient  of  8  millimetres 
(1  in  125).  On  each  side  of  the  tunnel  there  is  a  long  gradient  of  10  millimetres 
per  metre  (1  in  100). 

It  was  with  a  view  to  avoiding  smoke  in  the  station  under  the  Invalides  and  in  this ' 
long  tunnel,  that  our  company  decided  to  employ  electric  traction  on  this  line  from 
the  very  commencement.  The  traffic  is  worked  at  present  with  ten  electric  50  ton 
locomotives  hauling  ordinary  rolling  stock  and  besides  with  two  automotor  trains. 
These  two  trains,  consisting  of  eight  or  nine  cars,  have  an  automotor  in  front,  an 
automotor  in  the  rear  and  if  need  be  an  intermediate  automotor. 

The  motors  are  of  different  patterns ;  some  have  gearing  and  some  have  none. 

Our  trains  run  at  fairly  high  speed,  especially  on  the  down  gradient ;  the  speed  is 
as  much  as  80  and  even  100  kilometres  (50  and  even  62  miles)  an  hour,  and  if  we  may 
judge  from  our  four  years  experience,  it  would  seem  that  at  these  high  speeds  the 
motors  without  gearing  possess  marked  advantages  over  the  single  reduction  or 
geared  motors.  The  former  are  not  fastened  directly  on  to  the  axle ;  the  armature 
is  fixed  on  a  hollow  shaft  which  surrounds  the  fixed  axle  and  acts  upon  it  through 
an  elastic  coupling. 

You  will  doubtless  be  interested  if  I  give  you  a  few  details  learnt  by  experience. 

The  motors  were  originally  lubricated  with  thick  grease;  this  method  of  lubrica- 
tion gave  us  a  great  deal  of  trouble  and  so  we  substituted  lubrication  with  mazout 
with  very  satisfactory  results. 

From  a  financial  standpoint,  the  traffic  is  not  exceedingly  profitable. 

At  the  busiest  times  in  the  day,  we  run  three  or  four  trains  an  hour  in  each  direc- 
tion. The  current,  as  it  leaves  the  generating  station,  costs  5  or  6  centimes  (0*48  or 
0*58  denier)  per  kilowatt-hour.  Despite  this  fairly  low  §gure  and  the  comparative 
frequency  of  the  service,  electric  traction  costs  us  appreciably  more  than  steam 
traction  would. 

The  Western  Company  had  thought  of  extending  its  electric  plant,  but  we  now 
think  it  advisable  to  wait  a  little  longer  before  using  electric  traction  on  other  lines 
in  the  neighbourhood  of  Paris. 

The  President.  (In  French.)  —  There  are  still  several  gentlemen  desirous  of  taking 
part  in  this  discussion.     But  as  we  have  a  general  meeting  at  half  past  one,  it  will  be 
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impossible  for  us  to  finish  this  debate  this  morning  and  pass  conclusions.    Conse- 
quently, I  suggest  that  we  adjourn  till  9  o'clock  to-morrow.  {Agreed.) 

—  The  meeting  rose  at  12-30. 


Meeting  held  on  May  12,  1905  (morning). 


Mr.  Auvert,  Paris-Lyons-Mediterranean  Railway.  (In  French.)  —  The  Paris-Lyons- 
Mediterranean  Company  has  for  a  long  time  been  carefully  considering  the  applica- 
tion of  electric  traction  to  railways;  it  has  followed  with  much  interest  the  inves- 
tigations that  have  been  carried  out  on  this  subject  in  France  and  abroad ;  it  took  a 
step  in  this  direction  in  1901  by  equipping  electrically  the  line  between  Fayet  and 
Chamonix  with  automotor  trains  controlled  by  pneumatic  servo-motors.  But  with 
its  steep  gradients  and  narrow-gauge,  this  line  is  very  different  to  work  as  compared 
with  main  lines.  * 

The  method  adopted,  namely  the  multiple  system,  has  proved  quite  satisfactory, 
but  it  cannot  be  regarded  as  a  general  solution  of  the  question. 

The  Paris-Lyons- Mediterranean  Company  has  long  been  carrying  on  investigations 
with  a  view  to  applying  electric  traction  on  a  main  line  at  present  worked  by  steam ; 
I  allude  to  the  line  between  Cannes  and  Vintimille,  upon  which  trains  of  all  kinds, 
fast  trains,  expresses  and  goods  trains,  are  run. 

Here  the  question  assumes  quite  a  different  aspect. 

We  found  that  if  we  were  to  use  the  continuous  current  as  applied  on  the  Orleans 
and  Western  Railways,  /.  e.,  on  the  Paris  &  Juvisy  and  on  the  Invalides  &  Versailles 
Railways,  on  the  Fayet  &  Chamonix  and  also  at  New  York  and  in  Baltimore,  we 
should  be  involved  in  enormous  and  prohibitive  expenditure  both  in  preliminary 
and  running  expenses. 

For  traction  by  continuous  current  with  the  third  rail  implies  the  use  of  low 
tension  and  very  expensive  conductors  of  large  section,  and  necessitates  the  building 
of  sub-stations.  The  latter  are  necessarily  in  use  for  short  periods  only  and 
consequently  their  mean  efficiency  is  low. 

We  have  come  to  the  conclusion  that  the  application  of  electric  traction  is  only 
practically  feasible  (so  far  as  we  are  concerned,  be  it  understood)  if  we  use  high 
tensions;  these  are  only  possible  with  alternating  currents. 

We  have,  therefore,  considered  a  method  of  producing  the  monophase  alternating 
current  at  high  pressure  (12,000  to  15,000  volts)  in  a  single  generating  station  to 
supply  a  section  from  80  to  100  kilometres  (50  to  62  miles)  in  length.  This  gener- 
ating station  producing  the  monophase  alternating  current  would  transmit  the 
current  to  the  motor  cars  which  would  be,  as  might  be  necessary,  powerful  loco- 
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motives  like  the  steam  locomotives  and  even  a  little  more  powerful.  On  these  loco- 
motives, the  alternating  current  with  high  constant  potential  would  be  transformed 
into  continuous  current  at  a  pressure  varying  from  zero  up  to  a  certain  maximum 
suitable  to  the  satisfactory  working  of  the  motors  similar  to  the  ordinary  pattern 
acting  upon  the  axles. 

The  motors  themselves  would  use  continuous  current.  We  prefer  this  method  at 
least  for  powerful  locomotives  designed  to  haul  express  trains;  for  we  think  that 
continuous  current  motors  are  at  present  those  which  provide  the  maximum  etK- 
ciency  and,  with  a  given  current,  produce  the  maximum  power. 

Another  system  consists  in  using  the  monophase  current  directly  on  alternating 
current  motors  equipped  with  collectors,  such  as  has  recently  been  done  by  the 
Westinghouse  and  the  general  electric  companies  on  some  long  distance  tram\i-ays. 

We  intend  to  experiment  with  this  method,  but  these  alternating  current  motors 
possess  the  disadvantage  of  being  more  bulky  than  the  continuous  current  motors. 
They  might,  therefore,  be  suitable  for  a  service  necessitating  the  use,  not  of  high 
power  engines,  but  of  motor  vehicles  or  locomotives  of  500  and  600  horse-power, 
but  they  would  hardly  do  for  locomotives  of  1,500  and  2,000  horse-power. 

As  we  anticipate  using  two  kinds  of  locomotives  (high  power  locomotives  for 
heavy  passenger  trains  and  low  power  locomotives  for  local  trains  to  run  the  short 
distances  between  Nice,  Cannes  and  Mentone) ,  wei  have  decided  that,  in  the  former 
case,  we  should  use  continuous  current  motors,  this  continuous  cun^ent  being 
obtained  on  the  locomotives  themselves  by  transforming  the  alternating  monophase 
current  by  means  of  special  transformers  of  a  novel  pattern,  and  that  in  the  latter 
case  we  should  use  alternating  current  motors  of  the  American  pattern. 

I  am  speaking,  be  it  understood,  only  of  a  project,  and  that  is  why  I  do  not  intend 
to  say  anything  more  on  this  subject. 

Mr.  Alraander  Wilson,  North  Eastern  Railway,  Great  Britain.  —  The  experience 
of  the  North  Eastern  Company  in  the  Newcastle  district  as  regards  electric  traction 
has  been  substantially  similar  to  that  of  the  Lancashire  &  Yorkshire  Company, 
described  by  Mr.  Aspinall  yesterday,  so  that  I  need  not  weary  this  meeting  by 
repeating  what  he  said.  I  gathered,  however,  from  what  Mr.  Gerard  let  fall,  that 
he  was  anxious  to  have  some  information  as  regards  the  cost  of  electric  working  in 
England.  Now,  this  question  is  not  altogether  free  from  difficulty,  especially  when 
we  come  to  compare  steam  with  electric  traction.  In  considering  this  matter,  we 
must  also  have  regard  to  this  fact,  that  it  is  not  possible  to  run  so  frequent  a  train 
service  into  and  out  of  busy  terminal  stations  by  steam  as  can  be  done  in  the  case  of 
electricity.  We  are,  therefore,  able  to  secure  greater  efficiency  and  to  take  more 
advantage  of  our  existing  lines  by  means  of  electricity  then  by  means  of  steam,  and 
this  is  a  factor  which  should  always  be  borne  in  mind,  because  experience  has 
proved  that  increased  service  and  more  efficient  working  have  invariably  resulted  in 
an  increased  net  receipt. 
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As  regards  the  cost  of  workiDg  on  the  North  Eastern  system,  it  may  be  of  interest 
if  I  give  you  one  or  two  figures  which  I  happen  to  have  with  me,  and  in  doing  so  I 
should  like  to  express  the  hope  that  I  may  be  favoured  with  any  similar  information 
from  delegates  present,  because  to  all  students  of  this  and  other  subjects  compar- 
isons are  most  useful,  they  are  sometimes  stimulating  and  always  helpful. 

The  figures  which  I  should  like  to  present  are  these,  and  they  relate  solely  to  the 
question  of  the  electricity  consumed  in  running  trains,  its  cost  to  us  and  the  wages 
of  the  trainmen.  1  take  the  tigures  of  the  most  recent  month  I  have,  viz,,  February 
of  this  year,  which  by  the  way  is  a  short  month.  The  train  miles  run  by  the 
North  Eastern  in  the  Newcastle  District  was  92,541  miles.  The  car  mileage  was 
234,938  miles;  the  number  of  cars  per  train  amounted  to  2*75;  the  units  consumed 
amounted  to  647,140  units;  the  units  consumed  per  train  mile,  which  is  a  most 
interesting  figure,  were  6*993 ;  the  units  consumed  per  car  mile  amounted  to  2*538; 
the  cost  of  electricity  per  car  mile  amounted  to  \'6d, ;  motormen's  wages  per  car  mile 
amounted  to  0-297d. ;  the  guards'  wages  amounted  to  0-217J.,  and  the  total  cost  of 
these  three  services  per  car  mile  amounted  to  2*H5d.  So  that  the  cost  per  train  mile 
amounted  to  5"7rf.  This,  as  I  have  slated,  merely  represents  the  running  expenses, 
and  regard  is  not  had  in  the  figures  given,  either  to  cost  of  maintenance  of  way  or 
of  equipment  or  to  interest  on  capital  and  depreciation. 

We  find  that  we  have  to  exercise  the  greatest  care  in  endeavouring  to  keep  down 
the  car  mileage,  as  it  is  by  this  means  that  we  are  able  to  keep  the  costs  at  a  low 
figure. 

As  regards  the  observations  of  the  last  speaker,  we  find  that  the  multiple  unit 
system  which  we  have  adopted  is  quite  satisfactory.  It  enables  us  to  put  on  or  to 
take  off  cars  just  as  we  require  IhefD,  and  on  that  score  our  experience  has  been,  as 
I  said,  satisfactory. 

Mr.  Moflre,  French  Midi  Railway.  (In  French.)  —  From  the  very  interesting 
reports  before  us,  we  gather  Ihat  electrical  engineers  are  bending  their  energies 
towards  utilizing  the  monophase  current  for  electric  traction.  Unfortunately  these 
reports  are  somewhat  old,  in  that  they  date  back  several  months,  and  in  electrical 
affairs,  a  period  of  a  few  months  is  long  enough  for  it  to  be  possible  that  important 
improvements  may  have  cropped  up  in  the  meantime.  Consequently,  it  would  be 
well  if  some  American  engineers  would  kindly  tell  us  the  latest  developments  in 
America. 

We  have  heard  of  vehicles  running  on  the  trial  lines  at  Pittsburg  and  Sche- 
nectady; but  are  there  any  cars  with  monophase  alternating  current  carrying  on 
a  public  service  in  America?  I  should  be  glad  to  get  definite  information  on  this 
point. 

Mr.  Steinbif6,  German  Government.  (In  German  and  in  English.)  —  We  have  made 
experimental  trials  in  Germany  with  electnc  traction,  with  continuous  current,  on 
the  line  from  Berlin  to  Wannsee.     We  have  also  experimented  with  monophase 
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alternating  current  on  the  line  from  Niederschoenweide  to  Spindlersfeld.  There  the 
voltage  is  6,000  on  the  line,  transformed  down  to  600  in  the  motor.  The  motors 
are  not  geared  directly  on  the  axle,  but  with  gears  in  the  proportion  of  i  to  4-26. 
Our  experience  with  this  system  has  been  so  satisfactory  concerning  economy,  per- 
formance and  safety,  that  we  intend  to  use  it  on  other  lines.  The  trials  began 
in  1903.  The  speed  of  the  trains  was  from  40  to  60  kilometres  (25  to  37-3  miles)  an 
hour.  The  electric  trains  are  run  between  the  steam  trains.  The  trains  consist  of 
one  motor  car,  two  motor  cars  coupled,  or  two  motor  cars  and  three  trailers.  The^e 
five  cars,  two  motor  cars  and  three  trailers,  represent  a  total  weight  of  ISO  tons 
(448  English  tons).  No  accident  has  happened.  This  exceptionally  good  result 
on  this  trial  track  caused  us  to  apply  the  monophase  alternating  current  with 
collector  motors  on  other  tracks.  Just  now  we  are  beginning  to  construct  a  new 
track  for  electric  traction.  That  is  a  track  from  Blankensee  to  Altona  and  Hamburg, 
suburban  traffic.  The  length  of  that  track  will  be  26  kilometres  (16*2  miles),  the 
speed  will  be  60  kilometres  (37*3  miles)  an  hour. 

In  the  ordinary  service,  we  shall  form  the  trains  of  two  cars.  That  will  be  the 
unit  of  the  traffic  service,  and  the  two  cars  will  have  six  axles,  three  to  each  car. 
Each  car  will  have  a  truck  forward  and  a  single  axle  following,  and  the  cars  are 
coupled  in  4-2-2-4  order.  These  two  cars  can  take  a  load  of  from  100  to  HO  pass- 
engers, all  sealed.  We  shall  join  some  of  these  units,  and  we  propose  to  run  them 
with  four  or  six  cars  so  as  to  carry  300  passengers  in  one  train.  We  expect  to 
carry  over  that  track  3,000  people  in  an  hour  in  each  direction.  The  trains  will 
have  three  minute  intervals  at  full  service,  and  in  ordinary  service  will  follow  one 
another  at  intervals  of  six  or  ten  minutes.  We  are  now  constructing  the  power 
station  and  building  the  track.  We  hope  to  finish  this  work  in  the  month  of  July 
next  year,  so  that  we  may  begin  the  experimental  trials,  and  we  hope  to  bring  the 
track  into  public  service  with  electric  traction,  monophase  alternating  current  and 
collector  motors,  by  the  1'^  of  October  of  next  year. 

Mr.  Ernest  Gerard.  (In  French.)  —  I  should  like  to  know  one  thing  from  the 
speaker  who  has  just  sat  down.  Will  the  motors  be  geared  or  Will  they  act  directly 
on  the  axle? 

Mr.  Steinbiss.  —  They  will  be  geared ;  the  ratio  will  be  1  :  426. 

Mr.  Ernest  Gerard.  (In  French.)  —  I  must  begin  by  thanking  Mr.  Wilson  for  the 
information  he  has  kindly  given  us  about  the  North  Eastern  Railway. 

Most  railway  engineers  who  spend  their  time  on  electric  traction  are  conversant 
with  the  progress  of  electrical  engineering  in  so  far  as  concerns  traction,  and  they 
are  in  a  position  to  estimate  up  to  a  certain  point  what  electricity  is  capable  of  and 
how  it  can  be  used.  The  point  that  causes  difficulty  is,  how  to  reply  when  questioned 
as  to  the  ultimate  cost  of  working  which  a  railway  company's  board  never  fails  to 
ask.     To  this  question,  the  reply  has  to  be  guarded,  and  we  have  to  resort  to  saying 
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that  it  is  a  matler  dependent  upon  circumstances  and  that  calculations  must  be 
made  for  each  individual  case. 

Personally  I  am  convinced  that  if  all  who  have  so  far  installed  electricity  would 
be  kind  enough,  not  now,  but  between  this  and  the  next  session,  to  answer  a  list  of 
questions  drawn  up  with  this  object,  they  would  be  rendering  a  very  great  service  to 
all  who  have  schemes  for  electrifying  their  lines,  and  at  the  same  time,  they  would  be 
contributing  largely  to  the  general  advance  of  the  application  of  electricity  to  traction. 

I  hope  then  that  for  next  session,  a  ver}'  strict  and  complete  list  of  questions  on 
this  head  will  be  drawn  up. 

The  question  I  have  just  asked  the  last  speaker  is  not  an  unimportant  one,  not  only 
as  regards  the  mechanical  transmission  of  power  between  the  motor  and  the  axle, 
but  also  from  the  economic  standpoint.  On  lines  where  stops  are  not  frequent,  the 
gearless  motor  is  better  than  the  geared  and  I  was  very  pleased  to  learn  that  in 
America  one  of  the  latest  locomotors  built  by  the  General  Electric  Company  for  the 
New  York  Central  had  no  gearing. 

When  stops  are  very  frequent  and  speed  extremely  high,  gearing  may  prove  very 
advantageous.  It  becomes  not  only  useless,  but  expensive,  when  the  opposite 
conditions  prevail.  The  additional  resistance  which  it  involves  must  increase 
expenditure  of  current,  and  when  this  expenditure  is  multiplied  by  all  the  coeffi- 
cients, from  the  car  up  to  the  generating  station,  one  necessarily  arrives  at  a  serious 
increase  in  **  first  cost  "  —  1  use  the  English  term  because  it  seems  to  me  more 
expressive  than  the  French. 

The  third  point  I  come  across  in  my  report  and  in  the  conclusions  I  have  had  the 
honour  to  bring  before  you,  is  that  of  safety.  I  have  not  had  any  opportunity  of 
considering  the  subject  of  safety  by  comparing  the  conveyance  of  the  current  by  an 
overhead  wire  and  through  the  third  rail.  I  intend  to  stick  to  the  question  of  safety 
so  far  as  concerns  the  third  rail. 

The  methods  of  protection  used  in  England,  France,  Germany  and  the  United 
States  are  very  numerous.  The  first  question  which  arises  is  the  kind  of  protection; 
a  second  is  whether  the  protection  ought  to  extend  outside  stations  and  whether  it 
is  advantageous  to  prolong  it  beyond  the  places  where  not  only  passengers  but  also 
employees  pass.  This  means  that  we  must  consider  several  different  zones  with 
regard  to  protecting  the  third  rail  : 

1°  The  station,  in  the  part  where  passengers  walk; 

2**  The  station  in  parts  where  chiefly  station  employees  walk; 

3"  The  open  track  throughout  its  whole  length. 

I  should  be  glad  to  learn  the  views  of  experts  on  these  three  points  so  that  we 
might  satisfy  the  very  exacting  officials  as  to  where  the  third  rail  must  be  protected 
and  where  protection  is  unnecessary. 

As  regards  the  method  of  protection,  that  is  a  matler  requiring  judgment.  There 
are  various  very  efficient  methods;  it  would  be  hard  to  find  any  more  efficient  than 
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the  one  we  saw  yesterday  al  Baltimore,  where  the  third  rail  was  so  well  hidden  that 
it  could  scarcely  be  seen. 

In  conclusion,  I  repeat  that  Ihe  point  on  which  I  most  desire  information  is  not 
as  to  the  method  of  protection,  but  as  to  the  limits  which  may  be  assigned  to  the 
protection  of  the  third  rail. 

The  President.  (In  French.)  —  You  have  just  heard,  Gentlemen,  the  two  questions 
upon  which  information  is  especially  desired  from  American  engineers.  The  first 
concerns  the  practical  use  of  monophase  alternating  current  for  regular  working; 
the  second  concerns  the  views  held  and  the  regulations  accepted  for  protecting  the 
third  rail. 

Mr.  Laurent.  (In  French.)  —  I  shall  try  to  reply  at  once  to  Mr.  Gerard's  question 
regarding  the  safety  of  the  third  rail,  at  least  as  far  as  our  experience  of  it  goes  on 
the  Orleans  Company,  In  the  second  place  I  should  like  to  ask  another  question  in 
connection  with  the  use  of  the  monophase  current  upon  which  I  should  much  like 
to  hear  the  views  and  results  of  experience  from  our  American  colleagues. 

As  regard  the  third  rail,  the  Orleans  Company  first  tried  it  on  the  extension  of  its 
lines  in  tunnel  into  Paris.  Practically  throughout,  we  covered  in  our  third  rail 
with  wood.  The  shoes  run  along  underneath  this  wood  which  completely  encloses 
the  third  rail. 

When  we  extended  the  use  of  electric  traction  on  our  suburban  lines  between 
Paris  and  Juvisy,  we  came  to  the  conclusion  that  it  was  useless  to  cover  in  the  third 
rail  so  completely  throughout,  especially  considering  what  an  expense  it  involved. 
We,  therefore,  confined  ourselves  to  protecting  the  part  within  the  stations,  but  by 
station  I  mean  not  only  the  part  frequented  by  passengers,  but  also  the  part  where 
the  station  employees  have  to  go  about. 

On  the  line  away  from  the  stations,  we  have  here  and  there  thrown  over  the  third 
rail  a  short  wooden  protection,  so  as  to  allow  employees  who  in  the  course  of  their 
duties  have  to  walk  about  the  track  to  cross  the  lines  by  stepping  on  the  wooden 
covering. 

This  is  all  we  have  done,  and  yet  we  think  that  we  have  taken  unnecessary  precau- 
tions, for  no  accident  has  occurred  through  the  third  rail.  We  certainly  have  had  a 
few  accidents,  slight  it  is  true,  to  mechanics  employed  in  repairing  electric  loco- 
motives owing  to  their  having  accidentally  touched  the  third  rail  with  iron  tools; 
but  not  a  single  accident  has  happened  through  the  third  rail  either  to  employees 
or  to  passengers.  I  believe  that  the  only  accident  we  have  had,  was  caused  by  an 
overhead  line.  There  are  certain  places  in  the  Quai  d'Orsay  station  where  it  is  very 
difficult  to  lay  a  third  rail  owing  to  the  crowding  of  switches;  here,  therefore,  we 
were  obliged  to  put  overhead  wires.  A  lamp-man,  who  was  on  the  top  of  a  carriage, 
caitie  in  contact  with  the  overhead  wire  and  that  is  the  only  accident  —  and  that 
not  a  serious  one  either  —  we  have  to  chronicle. 

I  conclude  from  this  that  our   precautions  are  rather  exaggerated  and  wha 
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supports  my  opinion  in  this  respect  is  the  experience  of  the  Paris -Lyons-Mediter- 
ranean and  Western  Companies,  which  have  adopted  less  Ihorough  methods  of 
protection  without  having  any  accidents  to  record. 

1  am  ver>»  anxious  to  add  one  more  question  to  those  that  have  been  asked.  This 
question  concerns  the  difficulties  in  connection  with  ice  in  using  the  third  rail. 

I  may  say  that  it  is  the  only  seriops  inconvenience  we  have  found  in  using  electric 
traction.  Fortunately,  with  us,  it  happens  very  seldom ;  but  two  or  three  times  our 
traffic  has  been  interfered  with  because  the  third  rail  was  covered  with  a  coating  of 
ice.  So  far,  we  have  not  succeeded  in  finding  any  means  of  avoiding  this  incon- 
venience quite  satisfactorily. 

Perhaps  American  engineers,  who  have  had  longer  experience  in  electric  lines 
with  the  third  rail,  will  be  good  enough  to  tell  us  what  means  they  take  to  avoid  this 
inconvenience  and  with  what  results. 

Mr.  W.  D.  Young,  reporter,  —  There  have  been  several  questions  asked,  Mr.  Pre- 
sident, as  to  the  progress  made  or  the  status  occupied  by  the  single-phase  system 
as  it  stands  to-day  in  the  United  States.  There  can  be  but  little  said  on  this  point, 
although  more  can  be  said  than  I  was  able  to  give  in  my  report  at  that  time.  My 
report  fully  describes  one  of  the  first  installations,  and  whereas  promise  was  made 
at  that  time  and  every  indication  given  of  rapid  advancement  along  those  lines, 
I  think  we  have  simply  gone  through  the  experience  that  we  usually  go  through; 
that  is,  we  are  disappointed  inasmuch  as  these  developments  are  a  little  slower  than 
first  anticipated ;  and  this  case  is  no  exception  to  the  rule  in  that  respect.  There  ha?, 
however,  in  addition  to  the  line  described,  the  Ballston  line  to  Schenectady  (which 
has  now  been  in  daily  operation,  I  believe,  about  one  and  one-half  years,  and  no 
doubt  a  large  number  of  your  engineers  who  will  take  the  trip  will  have  an  oppor- 
tunity to  see  this  line),  an  installation  that  has  been  in  operation  some  weeks  in  the 
neighbourhood  of  Indianapolis;  I  understand  it  has  been  fairly  successful;  there  is 
also  a  third  installation  that  has  now  been  in  operation  some  months  between 
Bloomington  and  Pontiac,  in  Illinois,  and  the  line  is  some  28  miles  in  length,  and 
has  been  fairly  satisfactory.  Unfortunately,  there  cannot  be  much  detail  given  at  the 
present  time,  but  I  do  not  think  we  have  any  reason  to  feel  disappointed  in  this. 
The  progress  has  been  satisfactory  and  about  as  rapid  as  we  could  expect. 

I  might  say  a  few  words  about  the  third  rail.  I  do  not  think  the  third  rail  is  as 
bad  as  originally  painted.  The  Baltimore  &  Ohio  Railroad,  which  company  I 
represent,  has  passed  through  years  of  development  along  that  line.  The  first 
electric  installation  was  put  into  operation  ten  years  ago  this  coming  August.  At 
that  time,  there  was  erected  (it  was  very  fully  described  by  Colonel  N.  U.  Heft  in  his 
report  at  Paris  [^])  a  system  of  overhead  conductors  that  was  erected  at  a  very  great 


(1)  Vide  Bulletin  of  the  Railway  Congress^  No.  5,  May,  1900  (2°*^  part),  p.  1453,  and  Proceedings  of 
the  sixth  session  (Paris,  1900),  vol.  IV,  p.  XIX-3. 
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expense  and  I  can  assure  you  it  gave  during  the  time  it  was  standing  a  great  deal  of 
anxiety.  There  are  several  reasons.  It  was  well  built  in  the  beginning  but  it 
necessarily  had  to  be  very  heavy.  That  is,  heavy  considered  from  a  trolley  point 
of  view.  It  was  made  up  of  Z  bars  3  inches  by  3/g  inch  section,  covered  with  a 
12-inch  coverplate  and  the  trolley  was  held  in  this,  a  shoe-shaped  arrangement 
which  slid  therein.  At  the  lime  the  conductor  was  constructed,  1  felt  it  was  a 
mistake  because  at  that  time  I  had  had  the  fortune  of  being  associated  with  the 
General  Electric  Company  in  the  first  third  rail  installation  in  this  country,  and  that 
was  the  intramural  at  Chicago  in  1893  at  the  World's  Columbian  Exposition.  That 
was  eminently  successful,  but  everybody  seemed  to  feel  that  it  had  no  place  off 
an  elevated  structure.  However,  I  was  overruled  in  my  ideas  in  connection  with 
installing  the  third  rail  against  this  overhead  construction  and  the  latter  was 
erected.  We  found  that  the  varying  conditions  that  had  to  be  met  in  steam  railroad 
practice,  that  is  (this  line  extending  over  some  4  miles  of  double-track  of  the  main 
line  between  Washington  and  Philadelphia,  through  the  city  of  Baltimore),  that 
there  had  to  be  changes  made  continually  to  the  track,  in  order  to  meet  the  varying 
conditions.  ^Naturally  changes  had  to  be  made  in  the  overhead  structure  which  were 
carried  out  with  extreme  difficulty.  Trains  were  passing  at  frequent  intervals,  and 
to  handle  this  heavy  work  above  passing  trains  and  keep  the  structure  alive  so  that 
the  locomotives  could  be  used,  was  not  an  easy  matter.  We  made  a  great  many 
changes  which  were  necessitated  by  the  change  of  tracks,  additional  switches, 
sidings,  etc.  This  line  extends  about  half  of  the  way,  through  tunnels  which  are 
underneath  Baltimore,  and  it  was  there  that  the  greatest  difficulty  was  experienced 
in  maintenance  of  this  overhead  structure.  The  corrosion  due  to  the  sulphurous 
fumes  from  passing  locomotives,  corroded  the  structure  very  quickly;  the  anchor- 
bolts  were  quickly  eaten  off.  We  tried  all  possible  means  of  protecting  the  anchor- 
bolls  and  the  structure,  and  found  that  there  was  no  successful  solution  other  than 
the  costly  practice  of  making  renewals.  During  the  seven  years  that  this  overhead 
structure  was  in  service,  it  was  necessary  to  completely  renew  throughout  the 
tunnel  this  trolley  section.  It  is  a  double  track  tunnel  and  there  were  two  trolleys, 
not  exactly  over  the  track  centers,  but  placed  slightly  off  center.  There  was  no 
headroom  to  work  with  tackle,  and  whereas  all  of  that  section  was  renewed  without 
interrupting  the  traffic  and  the  current  being  on  all  the  lime,  there  were  no  men 
injured;  I  do  not  know  why,  I  cannot  understand,  but  outside  of  some  occasional 
shocks  they  got  along  very  nicely;  my  experience  is  that  it  is  not  the  new  man 
that  gets  caught,  it  is  the  experienced  employee;  it  is  the  man  who  thinks  he 
knows  exactly  what  to  do  and  makes  a  mistake.  On  account  of  these  difficulties 
that  I  have  mentioned,  this  over  head  structure  was  removed  and  some  ihree  years 
ago  the  third  rail  was  substituted.  There  has  been  no  one  hurt  on  this  rail.  It 
is  protected  by  a  through  scheme;  that  is,  guard  boards  on  either  side  of  the 
rail  projecting  slightly  above  the  head  of  the  third  rail.  The  protection  could 
not  be  brought  as  high  as  we  should  like  to  have  it,  on  account  of  clearance. 
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That  is  something  that  I  should  like  to  see  discussed  in  this  Congress,  i.  e.,  the 
standard  distance  of  placing  the  third  rail  from  the  running  rail  and  its  height. 
I  will  come  back  to  this  point  later.  The  rail  through  the  right-of-way  or  over 
the  line  is  protected  by  these  guard  boards  with  the  exception  through  the  station; 
there  the  rail  has  been  entirely  covered  and  is  reached  through  a  slot,  about  a 
half-inch  opening,  the  shoe  passing  through  this  slot  makes  contact  with  the  rail. 
This  covering  was  resorted  to  as  an  additional  precaution,  because  in  laying  out 
this  line  it  was  necessary  to  meet  the  conditions  as  they  existed  then;  t.  (?., 
stations,  etc.,  which  were  not  built  with  a  view  to  ever  using  the  third  rail  or 
any  electric  system  because  that  was  a  subsequent  development.  The  solution  on 
the  Baltimore  &  Ohio,  for  that  reason,  was  particularly  difficult.  We  have  two 
stations  along  this  line  in  which  the  public  could  very  easily  come  in  contact  with 
the  rail.  In  one  instance,  Camden  station  —  that  is  our  southern  terminal  —  the 
rail  is  placed  on  the  outside  and  there  it  is  not  so  objectionable,  but  at  Mount  Royal 
northern  station,  the  passengers  are  compelled  to  cross  the  third  rail  and  it  was 
necessary  to  completely  cover  it  with  this  wooden  structure.  In  addition  there 
were  installed  in  connection  with  this  system,  through  the  stations  and  through  the 
yard  where  the  employees  were  liable  to  come  in  contact,  a  system  of  sectional 
switches.  However,  of  this  nothing  much  that  is  good  can  be  said.  We  put  in  the 
best  we  could  get  as  an  auxiliary  precaution.  The  switches  work,  but  we  have  no 
guarantee  that  they  will  always  work.  Therefore,  we  place  no  dependence  on  them. 
Within  the  last  year,  it  became  necessary  to  extend;  further  supplement  the  present 
line  through  the  northern  station  in  which  the  passengers  have  heretofore  crossed 
the  third  rail,  and  that  was  very  easily  solved  by  leaving  the  third  rail  open,  not 
attempting  to  convey  it  through  the  station  because  it  was  desired  to  extend  this  line 
between  the  third  rail  first  installed  and  between  the  station  proper.  We  therefore 
coast  some  700  feet,  and  it  was  experimentally  worked  out  and  found  that  it  was 
easily  accomplished.  This,  in  my  opinion,  can  be  resorted  to  in  many  cases.  In 
designing  a  station,  it  is  easy  to  so  arrange  the  third  rail  in  such  a  way  that  the 
public  are  in  no  way  endangered;  that  is,  by  elevated  platforms  allowing  the  pass- 
engers to  pass;  using  an  elevated  platform  on  the  ground  and  allowing  the  pass- 
engers to  pass  over  an  elevated  structure  and  down  between  the  tracks,  completely 
eliminating  any  danger  from  that  source. 

Mr.  von  Leber,  Austrian  L  R.  Ministry  of  Railways.  (In  French.)  —  That  would 
mean  stations  specially  arranged  for  their  purpose. 

Mr.  Paal-Dabois,  reporter.  —  Quite  so. 

Mr.  W.  D.  Young.  —  The  question  was  raised  about  the  difficulty  experienced 
with  sleet.  In  this  latitude,  we  do  not  experience  quite  as  much  difficulty  as  in 
some  of  the  northern  cities  —  Chicago,  New  York  and  Boston.  However,  if  we  did 
not  have  a  solution  for  that,  we  should  have  some  trouble.     As  a  matter  of  fact,  the 
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first  two  years  we  did  have  some  difficulty.  The  sleet  as  it  forms  on  the  rail  under 
the  proper  conditions,  is  like  the  rail  itself;  it  cannot  be  beaten  off  and  cannot  be 
successfully  scraped  off.  The  Manhattan  Railway  Company  have  used  very  success- 
fully, however,  a  Series  of  scrapers  which  are  nothing  more  or  less  than  sheets  of 
steel  placed  with  a  short  space  between,  which  are  forced  down  against  the  rail  by 
means  of  air  pressure.  I  find,  however,  a  much  better  remedy  is  the  use  of  calcium 
chloride.  We  tried  it  for  the  first  time  this  year.  It  is  inexpensive  and  exceedingly 
effective.  It  has  no  bad  effects  on  the  rail  that  I  have  been  able  to  observe.  I  was 
lold  in  the  beginning  that  it  would  have,  similar  to  salt.  We  never  attempted  to 
use  salt,  but  I  desire  to  say  that  the  use  of  calcium  chloride  has  been  most  gratifying. 
The  specific  gravity  can  be  varied  according  to  the  weather  conditions  and  in  that 
way  meet  any  emergency,  as  changing  the  specific  gravity  changes  the  freezing 
point  of  mixture. 

Coming  back  again  to  the  distance  of  the  third  rail  from  the  track.  I  should  like 
very  much  to  hear  some  discussion  on  that  point.  There  has  been  a  move  here  in 
America  to  reach  some  standard.  We  will  reach  it  in  the  end  as  we  did  with  the  stan- 
dard railway,  track  gauge  4  ft.  8  Vs  ^"m  but  not  until  we  were  compelled  to  do  it 
and  at  a  much  greater  cost  in  the  end.  Unfortunately  the  third  rail  is  applied  in 
many  cases  to  lines  that  are  operated  by  steam  and  a  great  many  obstructions  not 
only  from  the  rolling  stock  but  permanent  obstructions  are  met,  such  as  gusset 
plates  in  bridge  construction,  wall  clearances,  signal  clearances,  etc.  The  most 
serious  is  the  matter  of  not  being  able  to  get  sufficient  clearance  on  account  of 
tunnels.  The  result  is  that  it  is  usually  compromised  in  each  case  and  every  rail- 
road sets  its  own  standard.  There  seems  to  be  a  unanimity  of  opinion  as  to  its 
height  which  is  3  Vs  inches,  which  I  think  can  be  considered  as  a  standard. 
However,  the  distance  from  the  gauge  line  of  rail  is  one  that  has  not  reached  any 
standard  and  I  do  not  see  any  immediate  prospect.  The  3  V2  inches  works  out 
very  well.  It  gives  sufficient  clearance  with  shoes  when  dropped  down  to  their 
minimum  clearance,  and  it  is  not  so  high  provided  it  is  kept  out  far  enough  not  to 
be  hit  by  passing  cars.  The  distance  adopted  by  the  Baltimore  &  Ohio  is 
31  V2  inches,  from  gauge  line  to  center  of  third  rail.  As  I  have  stated,  we  simply 
adopted  this  because  we  went  out  as  far  as  we  could,  we  came  in  as  far  as  we  could. 
There  did  not  seem  to  be  any  alternative.  However,  the  various  installations 
throughout  the  country  have  various  varying  gauge  distances,  and  it  seems  to  me 
of  utmost  importance  and  would  be  a  most  valuable  thing  if  we  could  come  to  some 
understanding  not  only  here  in  America  but  secure  an  international  gauge  for  the 
use  of  the  third  rail. 

Mr.  von  Leber.  (In  French.)  —  I  hope  to  have  the  pleasure  of  reading  Mr.  Young's 
speech  in  full  in  the  proceedings  of  the  Congress.  His  speach  deals  with  a  lai^e 
number  of  subjects  of  great  practical  importance. 

What  Mr.  Young  said  about  doing  away  with  the  overhead  wire  and  substituting 
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a  third  rail  interests  us  much  in  Austria.  If  I  understood  rightly,  this  would  mean 
rather  a  number  of  alterations  in  the  track.  The  overhead  wire  was  a  little  heavy 
and  costly  and  any  alterations  in  it  were  very  difficult. 

This  was  the  first  reason  —  the  main  one  —  brought  forward;  but  there  is  a 
second  reason  which  is  the  predominant  one  in  our  case  —  I  mean  —  the  incon- 
veniences arising  from  the  continual  repairs  which  are  necessary  to  mainlain  the 
overhead  wire  in  good  condition. 

In  view  of  the  remarks  made  by  Mr.  Young,  it  will  be  seen  that  the  most  prac- 
tical solution,  in  the  case  of  lines  with  fairly  heavy  traffic  lies  in  using  a  third  rail 
in  place  of  an  overhead  wire. 

This  point  is  a  capital  one,  especially  for  our  Metropolitan  Railway.  As  a  matter 
of  fact,  the  subject  is  now  being  discussed  in  Vienna,  where  the  Metropolitan  is  going 
to  be  electrified. 

The  question  is  whether  to  have  an  electric  wire  attached  to  the  roof  of  the  tun- 
nel, or  a  third  rail  fastened  to  the  sleepers. 

Allo.v  me  to  insist  on  the  practical  side  of  the  cpiestion,  for  to-day  we  are  consi- 
dering the  practical  question  and  not  a  question  of  the  future. 

Several  matters  ha^'e  been  dealt  with.  For  instance,  we  have  considered  how  the 
third  rail  is  to  be  carried  through  the  stations  and  whether  the  rail  need  be  pro- 
tected only  in  the  stations  or  on  the  open  line. 

I  agree  with  Mr.  Laurent's  views;  in  my  opinion,  it  is  only  necessary  to  put  a 
covering  in  the  station  and  leave  the  third  rail  uncovered  between  stations. 

But  there  are  two  kinds  of  protection ;  there  is  the  complete  protection  by  cover- 
ing in  the  third  rail;  this  is  what  has  been  done  from  the  Orleans  station  right  up 
to  the  Quai  d'Orsay.  A  kind  of  elbow  carried  on  the  vehicle  inserts  itself  into  the 
space  and  makes  contact  with  the  conducting  rail. 

Another  method  consists  in  putting,  on  each  side  of  the  live  rail,  a  plank  of 
wood.  This  is  what  we  have  done  in  our  experiments  with  electric  traction  in 
Vienna. 

The  protection  consisting  of  two  side  planks  does  not  prevent  putting  your  foot 
on  the  rail.  Protecting  planks  of  every  kind  are  a  source  of  trouble  when  it  is 
necessary  to  remove  ice  and  snow.  There  are  many  difficulties  in  cleaning  the 
third  rail  in  winter.  If  unprotected  it  will  be  much  easier  to  get  rid  of  sleet,  ice 
and  snow. 

I  asked  Mr.  Young  how  they  got  rid  of  snow.  He  replied  that  in  this  respect  there 
were  no  difficulties  on  his  line.  The  snow  was  got  rid  of  by  the  methods  used  with 
steam  traction.     On  the  other  hand,  ice  and  sleet  prove  a  serious  obstacle. 

The  same  is  true  in  Vienna.  As  regards  planks  along  the  rail  there  are  two  plans 
in  vogue  :  either  a  plank  is  put  on  both  sides  of  the  third  rail  or  there  is  a  single 
plank.  The  lattw  method  is  followed  in  Berlin,  an  employee  can  cross  the  live  rail 
by  stepping  on  the  plank. 

Another  advantage  of  the  plank  method  lies  in  the  avoidance  of  a  short  circuit  if 
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an  iron  bar  or  anything  else  should  drop  on  the  bearing  rail  and  touch  the  third 
rail  when  a  train  is  passing. 

This  subject  is  then,  I  repeat,  of  high  importance  to  us.  Another  point  has  been 
touched  upon  in  Mr.  Young's  speech.  He  has  told  us  that  in  stations  there  are 
necessarily  breaks  in  the  third  rail. 

Now,  to  cross  these  gaps  in  the  third  rail  by  drifting,  does  not  appear  to  me 

.  without  inconvenience  and  it  is  not  to  be  recommended.     We  cannot  avoid  a  train 

stopping  at  a  certain  point  in  consequence  of  signals.     In  individual  cases  it  may 

be  possible  to  prevent  this,  but  as  a  rule,  we  must  be  able  to  start  a  train  at  any 

point. 

At  all  places  where  there  are  switches  or  level  crossings,  there  must  then  be  an 
overhead  wire  so  as  to  start  if  need  be.  This  means  a  slight  complication  and 
I  should  like  to  hear  the  views  of  some  delegates  on  the  point. 

On  some  lines  in  I'taly,  they  have  been  content  to  rely  on  drifting;  this  is  true 
between  Milan  and  Varese  and  it  acts  satisfactorily;  but  as  a  rule,  as  1  have  just 
said,  one  ought  to  be  able  to  start  at  any  point  on  the  road. 

Experiments  have  been  carried  out  in  Vienna  with  a  view  to  comparing  geared 
motors  with  gearless  motors.  Six  or  seven  years  ago,  we  believed  that  to  reach 
speeds  of  50  to  60  kilometres  (31  to  37-3  miles)  an  hour  with  electric  traction  it  was 
advisable  to  put  the  motors  direct  upon  the  axles  themselves.  These  motors  are 
large  and  heavy,  but  they  have  the  advantage  of  hauling  sstisfactorily.  There  is  no 
shaking,  and  starting  is  not  even  felt.  We  experimented  with  a  train  of  ten  cars, 
eight  of  which  were  motors,  on  each  of  which  there  was  a  motor  fixed  direct  on  the 
axle,  and  the  train  ran  well;  but  the  cost  was  high. 

We  then  decided  to  use  geared  motors  usually  built  in  the  ratio  of  3  or  4  This 
system  is  cheap  and  the  motor  is  much  lighter. 

A  number  of  experiments  on  these  lines  were  made  in  Berlin. 

The  President.  (In  French.)  —  Allow  me  to  remind  you,  Mr.  von  Leber,  that  this 
subject  of  motors  has  been  fully  thrashed  out  and  that  opinions  differed  upon  the 
subject. 

Mr.  von  Leber.  (In  French.)  —  I  was  not  present  when  the  meeting  began.  Sip, 
and  I  hope  you  will  pardon  me;  besides,  I  have  finished  what  I  had  to  say  and  so 
I  need  say  no  more. 

The  Preiident.  (In  French.)  —  Yesterday  and  to-day  we  have  listened  to  a  most 
masterly  debate  on  the  principles  of  electric  traction,  the  circumstances  under  which 
it  can  be  applied  and  to  a  large  number  of  extremely  interesting  details. 

But  we  must  come  to  conclusions  which  summarize  this  debate,  so  that  we  may  be 
enabled  to  submit  these  conclusions  in  good  time  to  the  general  meeting. 

If,  therefore,  no  one  has  any  further  remarks  that  they  are  anxious  to  make,  we 
ought  to  go  on  to  consider  our  conclusions.     Some  of  these  might  be  partially 
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borrowed  from  those  at  the  end  of  Mr.  Paul-Dubois  report,  taking  into  account  the 
opinions  expressed  by  the  other  reporters,  and  the  views  that  have  been  expressed 
during  the  discussion. 

Mr.  Paul-Dubois,  reporter.  (In  French.)  —  I  should  like  to  add  a  few  words  so  as 
to  give  you  some  information  about  the  cost  of  electric  traction  on  the  Quai  d'Orsay 
and  Juvisy  line. 

The  data  published  on  this  subject,  as  an  appendix  to  my  report,  referred  to  the 
year  1903,  a  time  when  the  section  between  the  Quai  d'Orsay  and  the  Austerlitz 
station  was  the  only  one  open  for  traffic.  Since  then,  the  line  has  been  extended  to 
Juvisy,  making  a  total  length  of  19  kilometres  (H-8  miles),  and  the  number  of  train- 
kilometres  has  risen  from  225,000  to  over  300,000  (from  139,800  to  over  310,700  train- 
miles)  per  annum.  This  has  resulted  in  a  considerably  decreased  expenditure  in 
some  directions  and  especially  in  drivers'  wages,  the  staff  being  much  better  utilized 
than  before.  Consequently,  the  cost  of  electric  traction  with  our  trains,  which  weigh 
on  the  average  150  tons  (148  English  tons),  has  fallen  to  about  65  centimes  per 
train-kilometre  (lOd,  per  train-mile).  This  includes  station  expenses,  driving, 
electrical  power,  various  lubrication  and  fuel  expenses,  maintenance  and  repairs, 
but  does  not  include  interest  and  sinking  fund  charges. 

The  President.  (In  French.)  —  The  following  are  the  conclusions  which  we  have 
the  honour  to  submit  for  your  approval  : 

"  The  sections  recognize  that  electric  traction  should  be  considered  at  present  as 
an  important  auxiliary  of  steam  traction,  being  capable  of  handling  certain  portions 
of  railway  traffic  with  advantage  and  economy. 

^  It  is  impossible,  in  a  general  exposition,  to  point  out  the  exact  service  to  which 
electricity  can  be  most  readily  applied,  the  application  being  essentially  a  question  of 
local  conditions,  each  particular  case  requiring  special  study.  In  this  study,  there 
must  be  taken  into  account  the  expense  of  electrification,  and  the  following  points  : 
first,  condition  of  service  —  that  is,  the  frequency  and  weight  of  trains;  second,  the 
physical  conditions  of  the  line,  such  as  length,  profile  and  plan.  In  comparing  the 
expenses  of  operation  by  electricity  and  by  steam,  the  interest  and  depreciation  on 
the  electrical  installation  must  be  considered. 

"  The  increase  in  revenue  which  the  improvements  in  service  will  generally 
produce  should  also  be  given  consideration.  An  important  point  in  the  use  of 
electricity  is  the  increase  in  the  present  station  facilities  resulting  from  the  reduced 
number  of  movements  in  the  stations  by  the  use  of  electric  traction. 

"  From  the  information  furnished  to  the  sections,  it  would  seem  that  with  the 
third  rail  as  now  used,  security  can  be  assured  under  favourable  conditions  without 
it  being  necessary  to  cover  or  protect  the  third  rail  for  its  entire  length. 

"  The  sections  have  heard  with  much  interest  the  results  experienced  with  hi^^h 
speed  electric  traction  between  Marienfeld  and  Zossen,  and  also  of  the  tests  and 
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first  applications  for  traction  purposes  of  the  alternating  monophase  current  in  thfr 
motor. " 

Mr.  Ernest  Gerard.  (In  French.)  —  These  conclusions  are  very  complete;  we  find 
in  them  almost  everything  that  was  stated  in  the  reporters'  conclusions.  1  am  not 
therefore,  getting  up  to  object  to  these  conclusions  but  to  ask  for  a  flight  addition. 
For,  the  last  paragraph  of  Mr.  Paul-Dubois'  conclusions  has  been  skipped,  though 
it  contains  a  great  deal  in  the  line  and  a  half  which  it  takes  up  :  "  in  any  case  the 
problem  ultimately  reduces  itself  to  a  financial  and  economic  estimate.  " 

If  this  is  true  of  most  things,  it  is  especially  true  of  the  matter  before  us. 

Perhaps  1  might  be  allowed  to  suggest  that  the  wish  I  recently  expressed  might 
appear  at  the  close  of  our  conclusions  and  thus  serve  as  a  connecting  link  h^irween 
this  and  the  next  session.  I  should  much  appreciate  a  decision  in  my  favour  by 
the  section. 

Mr.  Anvert.  (In  French.)  —  One  short  remark  upon  the  wording  of  the  last  para- 
graph in  the  proposed  conclusions.  If  I  am  not  mistaken,  this  deals  with  the  use 
of  the  monophase  current  in  the  motor.  I  suggest  that  this  phrase  should  be 
altered  to  read  monophase  current  on  the  locomotive,  for  there  are  many  ways  of 
transmitting  electric  power  from  trolleys  down  to  motors. 

The  President.  (In  French.)  —  To  show  our  accepUince  of  the  two  remarks  which 
have  just  been  made,  I  suggest  an  addition  in  the  following  terms  :  "  The  Congress 
thinks  that  it  would  be  very  advantageous,  in  the  future,  to  have  accurate  details  on 
the  cost  of  electric  traction.  " 

Mr.  Thonet,  Societc  d'entreprise  de  travaux,  Italy.  (In  French.)  —  Might  we  not 
say  :  "  at  the  next  session  "  instead  of  "  in  the  future.  ^ 

Between  now  and  next  session  there  will  be  time  to  get  all  Ibis  information  which 
seems  an  urgent  matter  in  view  of  the  advance  realized  and  the  numerous  applica- 
tions which  may  be  effected. 

The  President.  (In  French.)  —  The  last  question  was  answoed  yesterday  at  the 
general  meeting.  It  was  stated  most  categorically  that  we  could  express  wishes,  but 
that  in  no  way  had  vve  the  slightest  right  to  interfere  in  deciding  the  agenda  for  our 
next  session.  It  was  stated  that  the  Permanent  Commission  would  take  into  account 
as  far  as  possible  any  wishes  expressed,  but  the  Commission  reserves  to  itself  absolute 
freedom  to  act  as  it  chooses.  It  would,  therefore,  be  useless  in  the  first  place  and 
secondly  it  would  be  lack  of  courtesy  towards  the  Permanent  Commission,  if  we  were 
to  seem  to  suggest  to  it  that  we  desire  something  or  other  at  a  definite  moment. 

Mr.  von  Leber.  (In  French.)  —  Gentlemen,  I  was  present  at  the  general  meeting 
when  this  subject  was  discussed  and  any  of  you  who  were  present  will  have 
noticed  that  I  objected  to  the  theory  just  alluded  to  by  Mr.  Sauvage.  My  ground 
for  doing  so  rested  on  definite  facts. 
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At  the  Lontlon  irwetirig,  halPa  questioo'on  wiiicli  I  was  reporting  wa&fsferreibby 
the  (Congress  to  the  next  session.  This  deersk>a  was  ratified  bj^the  general  meeting*. 
We  were  all  of  opinion  that  a  vote  such  a8»  this,  passed  by  the  general  meeting, 
would  at  lea^t  f6rce  the  hands  of  ihe  Permanent  Oomiaission.  Th<e  subject  was 
subsequently  discussed  at  a  meeting^  of  the  Perman'^.nt  Comfmission  of  which  I 
happen  to  be  a  member,  and  there  was  a  deske  to  alter  Ihe  programme  on*  this 
point.  To  this  I  formaHy  protested  saying  that  in  tny  opinion,  a  vxDte  of  thcf  general 
meeting,  which  reigns  supreme,  ought  to  be  respected. 

My  demand  was  reeognraed,  the  London  programme  was  accepted,  and  at  the 
Paris  meeting,  the  report  which  had  beew  reserved  was  discussed. 

I  ought,  however,  to  remark  that  there  is  a  great  dilRjrence'between'a  vote  pa«8«d 
by  the  general  meeting  and  a  vote  passed  by  a  section. 

We  might  express  a  wish  that  this  subject  should  be  put  on  the  agenda  paper  for 
ne)rt  session  and  ihe  general  meeting  will  support  this  wish  if  it  chooses. 

The  President.  (In  French.)  —  W^iihout  wasting  time  over  a  formal  question,  we 
might  I  think  proceed  at  once  to  the  fundamental  questicm. 

I  question  whether  we  are  quite  ready  to  express  a  wish  that  the  next  session 
should  make  a  special  subject  of  the  cost  of  electric  traction.  Undoubtedly  this 
matter  interests  us  much,  but  there  may  be  many  others  and  perhaps  we  should  be 
sorry  if  we  found  ourselves  tied  and  bound  by  the  wish  we  might  express  now . 

1  should  also  like  to  ask  the  originator  of  the  proposal  himself,  if  he  does  not 
share  my  views  on  the  subject.  It  would  no  doubt  be  interesting  to  possess  the 
information  in  question,  but  ought  we  to  make  such  a  suggestion  formally? 

Mr.  Ernest  Gerard,  reporter,  (In  French.)  —  I  agree  with  what  our  President  has 
said  and  as  a  member  of  the  Permanent  Commission,  I  will  endea\T>ur  to  see  that 
the  desire  expressed  shall  bear  fruit.  (Hear,  hear.) 

Mr.  Thonet.  (In  French.)  —  Under  these  circumstances  I  withdraw  my  proposal. 

The  President  (In  French.)  —  To  meet  the  second  remark  that  was  made  regard- 
ing  the  alternating  monophase  current,  I  suggest  that  we  should  alter  the  conclu- 
sions in  the  following  manner  : 

^  The  sections  recognize  that  electric  traction  should  be  considered  at  present  as 
an  important  auxiliary  of  steam  traction,  being  capable  of  handling  certain  portions 
of  railway  traffic  with  advantage  and  economy. 

"  It  is  impossible,  in  a  general  exposition,  to  point  out  the  exact  service  to  which 
electricity  can  be  most  readily  applied,  the  application  being  essentially  a  question 
of  local  conditions,  each  particular  case  requiring  special  study.  In  this  study,  there 
must  be  taken  into  account  the  expense  of  electrification,  and  the  following  points  : 
first,  condition  of  service  —  that  is,  the  frequency  and  weight  of  trains;  second, 
the  physical  conditions  of  the  line,  such  as  length,  profile  and  plan.    In  comparing 
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the  expenses  of  operation  by  electricity  and  by  steam,  the  interest  and  depreciation 
on  the  electrical  installation  must  be  considered. 

*  The  increase  in  revenue  which  the  improvements  in  service  will  generally 
produce  should  also  be  given  consideration.  An  important  point  in  the  use  of 
eleclricily  is  the  increase  in  the  present  station  facilities  resulting  from  the  reduced 
number  of  movements  in  the  stations  by  the  use  of  electric  traction. 

"^  From  the  information  furnished  to  the  sections,  it  would  seem  that  with  the 
third  rail  as  now  used,  security  can  be  assured  under  favorable  conditions  without 
it  being  necessary  to  cover  or  protect  the  third  rail  for  its  entire  length. 

"  The  sections  have  heard  with  much  interest  the  results  experienced  with  high 
speed  electric  traction  between  Marienfeld  and  Zossen,  and  also  of  the  tests  and  first 
applications  for  traction  purposes  of  the  alternating  monophase  motors  in  several 
countries. 

"  Finally,  the  sections  recommend  that  on  account  of  their  future  usefulness 
exact  data  on  the  cost  of  electric  traction  be  obtained.  " 

—  These  conclusions  were  unanimously  adopted. 

The  President.  (In  French.)  —  The  business  of  the  section  is  now  over. 

In  conclusion  and  before  adjourning,  let  me  thank  you  all  for  the  attention  and 
zeal  with  which  you  have  kindly  followed  our  discussions.  Thanks  to  your  energy 
and  your  extreme  courtesy  you  have  made  the  task  a  very  pleasant  one  to  your 
officers  and  to  your  President  in  particular. 

I  wish  to  thank  you  most  sincerely  for  your  help.  {Applause,) 

Mr.  J.  E.  Muhlfeld,  Baltimore  and  Ohio  Railroad.  —  Gentlemen  of  the  section, 
1  think  it  is  in  order  that  we  pass  the  following  resolution  : 

"  Resolved  that  the  members  of  this  section  extend  to  Mr.  Sauvage  and  the  secret- 
aries their  sincere  appreciation  of  the  able  manner  in  which  they  have  handled  all 
subjects,  discussions  and  conclusions  relating  to  the  questions  that  have  been 
brought  before  the  section,  either  independently  or  jointly,  for  their  decision.  " 
(Applause  and  unanimous  approval.) 

Mr.  von  Leber.  (In  French.)  —  I  suggest  that  we  extend  this  vote  of  thanks  to  our 
officers  and  also  to  those  who  have  undertaken  translation  and  by  so  doing  have 
rendered  services  of  great  value  to  the  section.  (ApplaiLse.) 

The  President.  (In  French.)  —  I  am  much  touched  by  the  kind  words  Mr.  Muhlfeld 
has  just  said.  1  thank  you  for  the  unanimous  way  in  which  you  have  approved  of 
them. 

The  thanks  you  have  expressed  to  our  secretary-translators  at  Mr.  yon  Leber's 
suggestion  are,  I  must  say,  thoroughly  deserved.  I  can  assure  you  that  these  gen- 
tlemen have  often  had  to  work  very  late  and  that  they  have  not  seen  much  ef  the  town 
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of  Washington.    Nor  have  they  been  able  to  take  part  in  the  splendid  excursions 
organized  for  our  benefit. 

To  them  is  due  especially  the  credit  of  having  in  a  suitable  and  durable  manner 
translated  all  the  work  that  has  been  done  throughout  this  session.  (Applause.) 

—  The  meeting  rose  at  noon. 
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Meeting^  held  on  May  13,  1905  afternoon). 

Mh.  Stiwksant  FISn,  prestdknt,  in  thk  chair. 

General    secretary,     Mr.    L.    WEISSENBRUCH. 

Associate  general  secretary,  Mr.  W.  F.  ALLEN. 

The  President  read  the 

Report  of  the  2'^  and  5*^  sections  meeting  jointly. 

(See  the  Daily  Journal  of  the  session,  No.  4,  p.  71,  and  No.  10,  p.  216.) 

"  The  reporters,  Messrs.  F.  Pall-Duroks,  Ernest  Gerard  and  W.  D.  Young  each 
read  an  abstract  and  the  conclusions  of  their  reports. 

"  One  of  the  secretaries  also  read  the  conclusions  of  Mr.  V.  Tremontam,  w  ho  was 
absent. 

"  Mr.  wScifi  lz  (German  Governmenl)  gave  some  information  on  the  experiments 
made  in  Germany  with  high  speed  electrics  traction,  to  which  some  of  the  reporters 
had  referred  Mr.  Schuiz  exphiined  that  the  object  of  these  experiments  was  to 
determine  srienlitically  if  high  speed  electric  traction  were  possible  and  satisfactory 
on  main  railway  lines.  In  a  great  number  of  trial  runs  speeds  of  200  to  210  kilo- 
metres (124  to  130-5  n)iles)  per  hour  were  attained,  which  are  much  higher  than 
those  prcviijusly  reached.  The  experiments  have  shown  that  the  ordinary  type  of 
superstructure,  properly  strengthened,  would  completely  suffice  for  speeds  of 
200  kiUmietres  (124  miles)  per  hour  and  more,  and  that,  on  the  other  hand,  the 
general  arrangement  of  express  passenger  cars  is  well  adapted  to  great  speeds, 
provided  the  vvhi'el  base  be  sufficiently  increased. 

"  Because  of  the  great  amount  of  energy  to  be  transmitted  to  the  motors,  it  had 
been  found  convenient  to  use  the  three-phase  current  with  a  tension  of  10,000  to 
12,000  volts. 
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"  The  current  was  transmitted  by  three  copper  wires  of  100  square  millimetres 
(0'1S5  square  inch)  sectional  area  each,  placed  one  above  the  other  in  a  vertical 
plane,  on  one  side  of  the  permanent  way.  The  bowlike  pole  for  taking  the  current 
was  very  light  and  provided  with  do6ble  acting  springs  which  pressed  the  pole 
against  the  wires  with  a  sufficient  pressure  to  assure  a  good  contact  at  the  highest 
speed.  The  experiments  have  shown  that  it  is  thus  possible  to  transmit  a  great 
amount  of  energy  to  an  electric  car  going  at  a  high  speed.  The  arrangements  used 
have,  in  fact,  permitted  the  transmission  of  as  many  as  2,000  kilowatts  to  cars  going 
at  a  speed  of  almost  60  metres  (197  feel)  per  second,  and  this  under  unfavourable 
atmospheric  conditions. 

"  The  experiments  have  also  shown  that  three-phase  motors  were  well  adapted 
for  high  speed  traction  on  main  lines.  The  starting  resistances,  liquid  or  metallic, 
have  worked  well. 

"  In  all  observations,  special  care  was  taken  to  determine  the  speed  in  an  exact 
manner.  The  trial  ears  were  furnished  for  this  object  with  special  apparatus  of  the 
Morse  type. 

"  The  measurement  of  the  total  resistance  to  traction  has  given  the  following 
results  :  The  resistance  due  to  friction  which  is  only  1*5  kilogram  per  ton  (3'36  lb. 
per  English  ton)  at  a  speed  of  5  kilometres  (3*1  miles)  per  hour  increases  gradually 
with  the  speed  and  becomes  3  kilograms  ,6*72  lb.  per  English  ton)  at  a  speed  of 
200  kilometres  (124  miles)  per  hour.  The  resistance  due  to  the  air  increases  much 
more  rapidly  than  the  speed;  and,  it  may  be  said,  that  it  is  this  resistance  which 
really  limits  the  speed  which  may  be  realized.  The  resistance  of  a  trail  car  is  much 
less  than  that  of  the  first  automotor  car,  so  that  it  is  more  economical  to  make  up 
the  trains  of  several  cars  than  to  run  single  automotor  cars  at  short  intervals,  though 
the  latter  system  is  more  satisfactory  from  the  public  point  of  view. 

"  With  a  slowing  down  of  1  Vs  metre  492  feet)  per  second,  which  can  be  realized 
without  danger  to  the  passengers,  trains  running  at  a  speed  of  160  to  200  kilometres 
(100  to  124  miles)  per  hour  can  be  stopped  in  a  distance  of  630  to  1,000  metres 
(710  to  1,094  yards),  respectively. 

"  At  speeds  higher  than  120  kilometres  (74*6  miles)  per  hour,  the  signals  could 
not  be  seen  during  bad  weather  in  sufficient  time.  This  has  been  improved  by 
means  of  an  electro-magnetic  arrangement  which  places  a  red  disk  before  the  eyes 
of  the  motorman  if  the  signal  in  front  of  him  is  at  *  danger '. 

*'  More  than  300  trial  runs  were  made  without  any  accident. 

"  Mr.  Schulz  held  that  this  opens  a  great  field  to  railroad  engineers  and  electri- 
cians, and  he  expressed  the  wish  that  the  operation  of  a  high  speed  electric  railroad 
may  soon  become  an  accomplished  fact. 

"  Mr.  J.  A.  F.  AspiNALL  (Lancashire  &  Yorkshire  Railway)  gave  some  additional 
details  on  the  electric  line  from  Liverpool  to  Southport.  Electric  traction  was  not 
adopted  on  this  line  for  the  sake  of  economy,  but  to  increase  the  receipts.    Since 
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the  twelve  months  during  which  the  line  has  been  operated  electrically,  the  results 
have  been  most  satisfactorj'  as  to  increase  in  traffic,  but  the  operation  is  more 
expensive  than  with  steam.  The  cost  of  coal  per  ton  mile  especially  is  greater;  the 
running  expenses,  however,  are  less  because  of  the  greater  mileage  run  by  the  crews. 
Mr.  J.  A.  F.  Aspinall  added  that  the  train  staff  of  express  trains  (made  up  of  four  and 
sometimes  five  cars)  consists  of  a  motorman  and  a  conductor,  who  stays  during  the 
run  in  the  motorman's  compartment ;  that  of  local  trains  consists  of  a  motorman 
and  two  conductors.  The  service  is  complicated,  owing  to  the  fact  that  it  has  two 
classes  and  considerable  baggage  to  transport. 

"  The  run  from  Liverpool  to  Southport  takes  thirty  seven  minutes,  including 
fourteen  stops  of  fifteen  seconds  each;  passengers  open  and  close  the  doors  them- 
selves; the  boarding  and  leaving  is  done  very  rapidly  owing  to  the  special  arrange- 
ment of  the  entrance  and  exit  doors. 

"  One  of  the  reasons  for  introducing  electric  traction  on  the  line  was  the  necess- 
ity of  decreasing  the  crowding  of  the  Liverpool  terminus  during  the  busy  hours  : 
the  handling  of  an  inbound  steam  train  and  its  re-dispatching  requires  four  dis- 
tinct switching  operations  and  eight  signal  operations,  while  for  an  electric  train 
two  switching  and  four  signal  operations  are  sufficient. 

"  The  line  has  for  a  certain  distance  four  tracks,  two  of  which  are  at  present  used 
as  freight  tracks;  the  latter  are  to  be  equipped  electrically  and  will  be  partially 
utilized  for  passengers  during  the  busy  hours  because  of  the  increase  in  traffic. 

"  The  cost  of  the  electric  installation  on  the  Liverpool  and  Southport  line  was 
as  high  as  20,000  pounds  sterling  per  mile,  or  about  three  and  one-half  times  the 
installation  of  a  steam  locomotive  service.  Jf  the  interest  and  sinking  fund  charges 
of  this  sum  are  added  to  the  cost  of  operation,  it  is  not  surprising  that  electric  trac- 
tion costs  more  than  steam, 

^  Mr.  J.  A.  F.  Aspinall  added  that  the  weight  of  electric  equipment  of  the  trains 
on  the  Liverpool-Southport  line  is  not  less  than  the  weight  of  corresponding  steam 
locomotives,  and  that  the  same  will  hold  true  for  trains  on  main  lines. 

"  Mr.  Ernest  Gerard  supplied  some  data  collected  by  himself  and  two  of  his 
colleagues  on  the  Belgian  State  Railways  about  the  Berlin-Zossen  trials  at  which 
they  were  present  and  about  the  guard  rail  with  which  the  road  was  equipped,  with 
special  reference  to  the  external  resistance  to  traction.  Mr.  Sghulz  held  that  a  guard 
rail  is  especially  important  because  of  the  strengthening  of  the  track  which  it 
affords,  but  it  did  not  appear  to  him  necessary  for  the  prevention  of  derailments ; 
the  opinions  on  this  subject  were,  however,  divided  and  experience  only  will  decide 
whether  the  guard  rail  is  useful  or  not. 

"  Mr.  Th.  Laurent  (Orleans  Railway)  stated  that  he  was  in  full  accord  with  the 
conclusions  of  Mr.  Paul-Dubois*  report  as  to  the  fact  that  electric  traction  under 
present  conditions  offers  a  successful  solution  of  problems  presenting  themselves  in 
some  particular  cases.    The  Orleans  Company  has  used  electric  traction  in  one  of 
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these  particular  cases,  as  has  been  described  in  the  above  mentioned  report  :  this 
was  in  the  case  of  a  line  through  a  tunnel  into  Paris  —  that  is,  a  suburban  traffic 
line.    This  line  gives  full  satisfaction  to  the  company. 

"*  On  the  other  hand,  Mr.  Th.  Laurent  held,  with  Mr.  Gerard,  that  the  very  interest- 
ing communication  by  Mr.  Schulz  touches  a  completely  new  and  different  question, 
that  of  high  speed  traclion  on  main  lines.  It  may  be  said  that  the  whole  world  has 
followed  with  the  greatest  interest  the  experiments  made  in  Germany,  and  Mr.  Lau- 
rent felt  obliged  to  Mr.  Schulz  for  the  details  furnished  on  the  subject.  But,  while 
listening  to  these  details,  he  was  struck  by  the  fact  that  if  the  experiments  made  in 
Germany  are  of  the  highest  interest  from  the  technical  point  of  view,  it  also  results 
from  them,  that  the  use  of  very  high  speeds  on  railroads  will  cause  enormous 
expense.  It  requires,  in  fact,  a  special  track  construction  to  permit  speeds  of 
200  kilometres  (124  miles)  per  hour;  moreover,  with  this  speed  questions  of 
braking  and  signalling  arise.  It,  therefore,  appears  that  entirely  new  and  specialized 
tracks  will  have  to  be  built  for  high  speed  trains.  On  the  other  hand,  one  is  struck 
by  the  enormous  increase  in  the  consumption  of  the  energy  required  for  high  speed ; 
thus,  not  less  than  1,340  horse-power  are  required  to  maintain  a  speed  of  200  kilo- 
metres (124  miles)  per  hour,  on  a  level  stretch,  for  a  single  motor  car  weighing 
90  tons  (88-6  English  tons)  and  containing  50  seats.  The  cost  of  this  consumption 
is  enormous,  when  it  is  remembered  that  in  the  high  speed  trains  of  the  Orleans 
Company,  1,200  to  1,300  horse-power  engines  are  sufficient  to  pull  trains  containing 
about  400  first-class  passengers  at  a  speed  of  100  to  110  kilometres  (62  to  68  miles) 
per  hour.  The  question  may  then  be  asked  whether,  after  the  technical  problem 
has  been  solved,  the  economic  problem  can  also  be  considered  as  admitting  of 
solution.  Is  it  possible  to  conceive  that  the  desire  to  establish  a  train  service  with 
very  high  speed  should  some  day  justify  the  enormous  expenses  of  installation  which 
will  be  required  for  this  purpose?  In  some  publications,  mention  was  made  of  the 
intention  to  establish  such  a  line  between  Brussels  and  Antwerp  and  between 
Liverpool  and  Manchester.  Mr.  Th.  Laurent  asked  whether  this  was  so  and  whether 
the  question  was  studied  from  thfe  economic  point  of  view,  including  interest  on 
capital.  He  would  be  pleased  if  some  of  the  members  present  would  inform  him 
on  this  subject. 

**  Mr.  Ernest  Gerard  replied,  as  to  the  projected  electric  line  between  Brussels 
and  Antwerp,  the  length  of  which  is  44  kilometres  (27-3  miles),  that  there  is  no 
intention  to  obtain  on  this  line  very  high  speeds;  the  object  is  rather  to  create  an 
interurban  service  with  very  frequent  trains  and  with  low  fares. 

"  Mr.  Schulz  stated  that,  as  far  as  Germany  is  concerned,  the  question  is  being 
discussed  of  establishing  high  speed  electric  lines  between  Berlin  and  Hamburg. 
He  agreed  with  Mr.  Laurent  in  thinking  that  an  enterprise  of  this  kind  would  be 
very  costly,  as  it  would  require  a  completely  new  line  because  of  the  dangers  which 
would  result  from  the  differenA-*e  in  speeds  of  trains  running  on  the  same  track;  it 
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would  also  be  necessary  to  abolish  ali  grade  crossings.  But  a  proof,  however,  that 
projects  of  this  kind  are  practical  is  that  two  great  German  electrical,  construction 
companies  are  trying  to  obtain  the  concession  of  the  Berlin  and  Hamburg  line. 
The  distance  between  these  two  cities,  which  is  286  kilometres  (178  miles),  and  is 
at  the  present  lime  run  in  three  and  a  half  hours,  will  be  covered  in  an  hour  and 
a  half.  It  is  probable  that  considerable  increase  in  traffic  will  result.  Mr.  Schulz 
stated,  however,  that  he  could  not,  at  the  present  moment,  furnish  precise  informa- 
tion on  the  financial  question,  and  he  asked  whether  the  establishment  of  a  line 
of  this  kind  between  Washington,  Baltimore,  Philadelphia  and  New  York  would 
not  be  profitable. 

"  Mr.  Sabouret  {French  Western  Railway)  contributed  details  on  the  electric 
installation  on  the  line  from  the  Invalidesto  Versailles,  similar  to  those  on  the  line 
from  Paris  to  Juvisy.  The  main  reason  which  has  induced  the  French  Western 
Railway  Company  to  introduce  electric  traction  on  this  line,  is  the  existence  of  a 
terminal  station  at  Paris  which  is  partially  underground  and  of  a  tunnel  3  Va  kilo- 
metres (2*2  miles)  long  on  a  continuous  grade  of  0*8,  where  it  was  necessary  to  avoid 
smoke. 

"  Ten  electric  locomotives  and  two  automotor  trains  are  in  service  on  this  line 
with  different  types  of  motors,  some  geared  and  some  not  geared.  At  the  great 
speeds  (80  to  100  kilometres  [50  to  62  miles]  per  hour)  which  the  trains  acquire  while 
descending,  the  ungeared  motors,  the  armatures  of  which  are  mounted  on  a  hollow 
shaft,  engaging  the  wheels  in  a  yielding  manner,  offer  important  advantages  over 
the  geared  motors.  It  has  also  been  stated  that  the  "  mazout  "  lubrication  is  better 
than  the  American  way  of  lubricating  with  grease. 

"  This  service  consists  of  four  to  five  trains  per  hour  in  either  direction,  and  while 
the  kilowatt-hour  does  not  cost  more  than  5  to  6  centimes  (0*48  to  0*58  penny),  at 
the  power  station,  the  cost  of  operation  of  electric  traction  is  noticeably  higher  than 
that  of  steam  traction. 

"  Mr.  AuvERT  [Palis- Lyons-Mediterranean  Railway)  stated  that  his  company  has 
been  for  a  long  time  considering  the  question  of  electric  traction.  It  has  introduced 
in  1901  this  system  on  the  Fayet  to  Chamonix  line  with  automotor  trains. 

"  This  line  operates  under  special  conditions,  because  of  very  steep  grades,  and 
the  solution  adopted  for  it,  while  giving  full  satisfaction,  cannot  be  considered  to 
be  a  general  solution, 

"  The  question  acquires  another  aspect  for  the  line  from  Cannes  to  Vintimille, 
for  which  electric  traction  has  been  considered  for  a  long  time.  Studies  made  on 
this  subject  have  shown  that  by  using  the  continuous  transformer  current  as  on 
the  lines  Paris  to  Juvisy  and  Invalides  to  Versailles,  the  costs  of  installation  of  the 
third  rail  and  sub-stations  would  be  prohibitive.  The  use  of  electric  traction  has 
not  been  regarded  as  possible  except  by  using  a  very  high  tension  by  means  of 
alternating  currents 
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**  The  present  project  includes  the  use  of  the  alternating  monophase  current  at 
12,000  to  15,006  volts,  generated  in  one  power  house  and  distributed  directly  to  the 
motor  cars  on  which  the  current  with  a  constant  tension  will  be  transformed  into 
a  continuous  current  with  the  tension  varying  from  0  to  a  certain  maximum,  in 
order  to  be  utilized  in  motors  of  theordinary  type  acting  upon  the  wheels.  Mr.  Auvert 
prefers  this  solution,  at  least  for  powerful  locomotives  designed  to  haul  express 
trains,  because  continuous  current  motors  give  a  maximum  of  efficiency  and  power 
for  a  given  volume.  He  intends  to  try,  at  the  same  lime,  monophase  motors  with 
alternating  current,  but  as  these  motors  are  cumbersome,  which  makes  their  use 
difficult  for  high  power,  Mr.  Auvert  hopes  to  adapt  them  to  lighter  locomotives 
designed  to  pull  local  trains. 

"  Mr.  A.  Wilson  {JSorth  Eastern  Railway,  England)  gave  some  information  on 
the  use  of  electric  traction  on  the  suburban  lines  of  Newcastle-on-Tyne.  He  also 
furnished  some  data  on  the  cost  of  operation  of  these  lines,  mentioning,  however, 
the  difficulty  of  making  comparisons  with  steam  traction.  Electricity  permits  a 
better  utilization  of  the  existing  lines  and  experience  shows  that  the  improved 
service  which  follows  generally  leads  to  increased  receipts. 

"  The  cost  of  electric  traction  for  the  month  of  February,  190o,  was  as  follows  : 

'•  Mileage  of  trains 92-541 

•*      —       of  cars 254,938 

**  Average  number  of  cars  per  ti^in 2*75 

**  Total  energy  consumed  ^kilowatt  hours) 647,140 

*' Energy  consumed  per  train  mile  (kilowatt  hours) 6993 

**      —            —        per  car  mile  (kilowatt  hours) 2*538 

reiiee. 

'*  Average  cost  of  power  per  car  mile ,^  1-601 

* '  Driver's  pay  per  car  mile 0*297 

••  Conductor's  pay  per  car  mile  .     .  . 0*217 

••  Total  cost  of  traction  per  car  mile 2115 

**        —  —         per  train  mile 5*7 

"  Replying  to  an  inquiry  from  Mr.  Mofkbe  (French  Midi  Railway),  who  wished 
to  know  whether  monophase  alternating  current  motors  have  been  applied  to 
traction  in  the  United  ^States  or  elsewhere,  Mr.  Stkinbiss  (German  Govem7ne7it)  said 
that  in  addition  to  the  trials  made  in  Germany  with  electric  traction  by  continuous 
current  motors  (for  instance,  on  the  Wannsee  Railway),  some  monophase  motors 
have  been  in  operation  since  1903  on  the  Niederschoeneweider-Spindlcrsfeld  line 
near  Berlin.  The  motors  employed  are  of  the  Winter- Eichberg  system;  the  speed 
is  from  40  to  60  kilometres  (25  to  37  miles)  per  hour;  trains  are  made  up  of  one  or 
two  automotor  cars,  with  or  without  trailers ;  the  heaviest  train  consists  of  five  cars 
and  weighs  loO  tons. 

"  Encouraged  by  the  results  of  this  trial,  German  engineers  are  applying  the 
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same  system  to  a  line  connectinj^  Hamburg,  Altona  and  Blankansee,  which  is  26  kilo- 
metres (16  miles)  long.  The  trains  in  ordinary  service  will  consist  of  two  cars, 
with  three  axles  each  (one  two-axles  truck  and  one  independent  axle),  with  a  total 
of  100  seats;  these  trains  will  be  run  at  a  speed  of  60  kilometres  (37  miles)  per 
hour,  with  three  minute  intervals  between  trains.  The  work  of  equiping  the  line 
has  been  begun ;  it  is  to  be  opened  to  traffic  October  1  of  next  year. 

"  Mr.  Ernest  Gerard,  reporter,  callexl  attention  to  the  importance  of  the  question 
of  the  net  cost  of  electric  traction,  and  asked  that  this  question  be  placed  on  the 
programme  of  the  next  session  of  the  Congress.  He  then  considered  the  question 
of  the  mechanical  connection  between  the  motor  and  the  axle,  and  expressed  the 
opinion  that  motors  without  gearing  are  better  than  geared  motors,  where  few- 
stops  are  made.  He  finally  inquired  whether  any  of  the  members  could  furnish 
information  as  to  the  utility  of  protecting  the  third  rail,  either  at  parts  of  stations 
accessible  to  passengers,  or  at  places  where  railways  employees  have  to  walk  on  the 
tracks  or  over  the  entire  length  of  lines  operated  by  electric  traction. 

"  Mr.  Th.  Laurent  replied  that  on  the  Orleans  Railway,  the  third  rail  is  protected 
for  its  whole  length  within  the  city  limits  of  Paris,  only  on  account  of  the  tunnels. 
Outside  the  city,  the  protection  of  the  third  rail  is  limited  to  stations,  not  only  at 
points  accessible  to-  passengers,  but  also  at  places  where  employees  may  pass.  It 
was  his  opinion,  moreover,  that  the  precautions  taken  were  somewhat  overdone; 
no  serious  accident  due  to  the  third  rail  had  occurred  since  the  line  was  opened  to 
traffic. 

"  Mr.  W.  D.  Young,  reporter,  said,  in  the  first  place,  that  he  could  give  more  com- 
plete data  on  the  subject  of  monophase  motors  than  were  contained  in  his  report. 
Since  this  report  was  written  two  lines  equipped  with  this  type  of  motor  have  gone 
into  operation  in  the  United  States  —  one  near  Indianapolis  and  the  other  between 
Bloomington  and  Pontiac,  111. 

"  As  for  the  third  rail,  he  did  not  believe  it  was  as  dangerous  as  people  said. 
Ten  years  ago  there  was  installed  in  Baltimore,  to  avoid  the  third  rail,  a  system  of 
overhead  wiring,  which  proved  very  expensive  and  gave  a  great  deal  of  trouble, 
particularly  in  the  tunnels,  which  extend  over  half  the  length  of  the  line;  the 
corrosion  caused  by  the  sulphurous  smoke  and  vapors  from  the  locomotives  finally 
made  it  necessary  to  rewire  this  line  throughout.  As  all  the  changes  and  repairs 
had  to  be  made  without  interrupting  the  service,  and  working  with  live  wires,  the 
expense  was  very  great.  Consequently  his  company  decided  three  years  ago  to 
replace  this  overhead  wiring  with  a  third  rail.  This  third  rail  is  protected  between 
stations  by  guard  boards;  at  stations  it  is  entirely  enclosed,  leaving  a  slot  on  top 
for  the  contact  shoe.  As  an  additional  measure  of  safety,  a  system  of  automatic 
current  breakers  has  been  installed  at  the  stations  and  at  points  where  the  workmen 
n^ost  frequently  cross  the  tracks,  but  this  system  works  irregularly  and,  therefore. 
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is  not  very  reliable.  Last  year,  the  line  was  extended  across  the  North  Baltimore 
station ;  where  passing  this  station  the  third  rail  has  merely  been  omitted  for  a  dis- 
tance of  700  feet  over  which  the  trains  are  carried  by  momentum.  In  a  new  station,* 
all  danger  could  be  avoided  by  using  elevated  platforms. 

**  In  reply  to  a  question  put  by  Mr.  Th.  Laurent,  Mr.  W.  D.  Young  explained  the 
means  employed  in  America  to  prevent  trouble  from  sleet  on  the  third  rail.  The 
Manhattan  Elevated  Railway  Company  uses  for  this  purpose,  and  apparently  with 
success,  scrapers  held  against  the  rail  by  compressed  air.  Mr.  W.  D.  Young  prefers 
using  a  solution  of  chloride  of  lime,  regulating  the  density  to  the  temperature, 
which  is  very  cheap  and  entirely  efficient. 

"  Finally,  Mr.  W.  D.  Young  pointed  out  the  importance  for  the  different  railroad 
companies  of  arriving  at  a  definite  agreement  on  the  question  of  the  location  of  the 
third  rail.  On  the  Baltimore  &  Ohio  Railroad,  the  horizontal  distance  between  the 
axis  of  the  third  rail  and  the  axis  of  the  track  rail  nearest  to  it  is  31  ^^  inches;  the 
height  of  the  third  rail  above  the  track  rail  is  3  Vx  inches.  This  height  is  almost 
the  same  everywhere,  but  the  horizontal  distance  varies  much  with  the  differefnt 
companies,  and  it  would  be  very  desirable  to  make  these  dimensions  uniform. 

"  Mr.  VON  Leber  [Austrian  Government)  found  the  reasons  which  had  led  the  Balti- 
more &  Ohio  Railroad  to  replace  the  overhead  trolley  by  the  third  rail,  very  inter- 
esting; at  Vienna  the  question  is  at  present  being  discussed,  in  view  of  the  electri- 
fication of  the  Metropolitan.  As  to  the  protection  of  the  third  rail  he  agreed  with 
the  opinion  of  Mr.  Th.  Laurent  that  it  is  useful  at  stations  only.  He  preferred  the 
complete  protection  used  on  the  Orleans  Railroad  to  the  protection  afforded*  by  two 
side  planks,  which  would  not  prevent  stepping  on  the  conducting  rail  and  make  the 
removal  of  snow  more  difficult. 

*•  The  method  of  passing  by  momentum  the  distances  between  the  ends  of  the 
third  rails  did  not  appear  to  him  without  inconvenience. 

""  He,  finally,  stated  that  experiments  were  made  in  Vienna  to  compare  geared 
motors  to  ungeared  motors;  he  preferred  the  latter. 

"  Mr.  F.  Paul-Dubois,  reporter,  desired  to  supplement  the  information  given  by 
bim  in  his  report  on  the  subject  of  electric  traction  on  the  line  Paris  to  Juvisy. 
Since  the  extension  of  electric  traction  to  suburban  traffic,  the  annual  kilomelric 
run  of  electric  trains  has  increased  from  225,000  to  more  than  500,000  kilometres 
(from  139,800  to  more  than  310,700  miles),  and  the  cost  of  the  traction  per  train 
kilometre  has  decreased  to  about  65  centimes  (10  pence  per  train-mile). 

**  The  section  noted  besides  a  letter  from  Messrs.  Rota  and  Grismayer,  delegates 
of  the  Italian  Government,  objecting  to  the  view  expressed  by  Ihe  author  of  report 
No.  4  on  the  polyphase  current  systems,  and  promising  to  send  the  Permanent 
Commission  details  about  the  latest  results  obtained  on  the  Valtelina  line. 

**  Finally,  it  decided  to  print,  as  an  appendix  to  the  discussion,  a  note  by  Mr.  C.  de 
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Gulicsy,  delegate  from  the  Boldva  Valley  Railway,  containing  some  remarks  about 
Mr.  Tremontani's  report. 

"  After  an  exchange  of  opinions,  in  which  took  part  Messrs.  Ernest  GerariD, 
Alvert,  Thonet  {Society  d*entreprise  de  travaux,  Italy),  von  Leber,  the  President  put 
to  the  vote  the  following  condusions  which  were  unanimously  adopted,  " 

Th©  Pveaideat.  —  The  following  are  the 

CONCLUSIONS. 

"  The  Congress  recognizes  that  electric  traction  should  be  considered  at  present  as 
"  an  important  auxiliary  of  steam  traction,  being  capable  of  handling  cerUiin  por- 
"  tians  of  railway  traffic  with  advantagie  and  economy. 

^"  It  is  impossible,  in  a  general  exposition,  to  point  out  the  exact  service  to  which 
"  electricity  can  be  most  readily  applieil,  the  application  being  essentially  a  ques- 
"  tion  of  local  conditions,  each  particular  case  requiring  special  study.  In  this 
"  study,  there  must  be  taken  into  account  the  expense  of  electrification,  and  the 
"  following  points  :  first,  condition  of  service —  that  is,  the  frequency  and  weight 
"  of  trains;  second,  the  physical  conditions  of  the  line,  such  as  length,  profile  and 
"  plan.  In  comparing  the  expenses  of  operation  by  electricity  and  by  steam,  the 
"  interest  and  depreciation  on  the  electrical  installation  must  be  considered. 

"  The  increase  in  revenue  which  the  improvements  in  service  will  gpnorally  pro- 
"  duce,  should  also  be  given  consideration.  An  important  point  in  the  use  of  elec- 
"  tricity  is  the  increase  in  the  present  station  facilities  resulting  from  the  reduced 
"  number  of  movements  in  the  stations  by  the  use  of  electric  traction. 

"  From  the  information  furnished  to  the  Congress,  it  would  seem  that  with  the 
"  third  rail  as  now  used,  security  can  be  assured  under  favorable  conditions  with- 
"  out  it  being  necessary  to  cover  or  protect  the  third  rail  for  its  entire  length. 

"  The  Congress  has  heard  with  much  interest  the  results  experienced  with  high 
"  speed  electric  traction  between  Marienfeld  and  Zossen,  and  also  of  the  tests  and 
"  first  applications  for  traction  purposes  of  the  alternating  monophase  motors  in 
"  several  countries. 

"  Finally,  the  Congress  recommends  that  on  account  of  their  future  usefulness 
^  exact  data  on  the  cost  of  electric  traction  be  obtained.  " 

The  President  read  the  following  telegram  from  the  Italian  Minister  of  Public 
Works  : 

Rome,  May  5,  i905. 

To  the  Prcsilent  of  the  International  Railway  Congress,  Washington^  D.  C.  : 

**  The  imminent  inauguration  of  the  new  regime  in  the  State  Railroads  necessitates  the  presence  ixi 
'*  Rome  of  the  officials  delegated  to  the  Congress.  I  therefore  regret  to  state  that  tliey  will  not  be  able 
**  to  be  present  at  Washington.     Kindly  accept,  however,  the  strong  sympathy  and  the  good  wishes  of 
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**  the  Italian  Government,  which  would  have  deemed  itself  honored  to  be  represented.  I  should  also 
'*  like  to  stale  that  the  delegates,  while  reserving  to  themselves  the  transmission  of  a  detailed  report  to 
**  the  Permanent  Commission  at  Brussels,  send  you  a  statement  concerning  question  VIII  (*),  in  order  to 
**  acquaint  you  with  the  recently  completed  researches  on  electric  traction  with  the  three-phase  current 
**  on  the  Valtellina  Railroad,  which  prove  that  this  system,  contrary  to  the  conclusions  of  the  reporter, 
'•  may  often  give  very  satisfactory  results.  " 

Cbarles  Ferraris, 
Minister  of  Public  Works, 

—  The  general  meeting  accepted  Ihe  conclusions  submitted  by  the  combined 
2"^  and  5^^  sections. 


(*)  See  Appendix  II. 


Digitized  by 


Google 


APPENDICES 


APPENDIX   I. 


Corrigenda  to  the  report  No.  2,  by  Ernest  Grerard. 


Page  987  of  the  Bulletin  of  February,  1905,  2^  part  (page  VIII-105  of  the  separate  issue 
No.  36  and  of  the  Proceedings],  lines  10  and  11  from  the  bottom,  instead  of :  **  We  may  add 
that  the  speed  has  exceeded,  by  15  miles  per  hour,  that  which  was  usual  (20  miles  per  hour;  when 
steam  traction  was  used  ",  read :  **  We  may  add  that  the  speed  has  been  increased  from  15  miles 
per  hour,  which  was  usual,  to  20  miles  per  hour  when  steam  traction  was  used  ". 
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APPEiNDIX  II. 


Letter  from  G.  Rota  and  E.  Grismayer 
on  Mr.  Victor  Tremontani's  report  No.  4. 


Rome,  April  30,  1905. 
Sir, 

We,  the  undersigned  delegates  of  the  Italian  Ministry  of  Public  Works  to  the  seventh  session 
of  the  International  Railway  Congress,  who  were  unable  to  attend  as  we  were  detained  by  very 
urgent  business  at  home,  have  the  honour  to  submit  the  following  communication  to  you  : 

In  report  No.  4  on  subject  VIII  (Electric  traction)  the  reporter  has  made  statements,  of  a 
general  character,  on  polyphase  current  systems  of  electric  traction  for  railways,  which  would 
lead  to  unfavourable  conclusions  as  to  such  systems  of  traction.  In  this  connection,  we  the  under- 
signed wish  to  remark  that  the  importer  was  not  in  a  position  to  take  into  consideration  the  results 
of  the  three-phase  current  installations  on  the  Valteline  section  of  the  Italian  railways  operated 
by  the  Societd,  delle  Strade  Ferrate  Meridionali.  I'hese  results,  which  were  obtained  in  the 
course  of  work  only  recently  completed  and  not  yet  brought  before  technicians  generally,  lead 
to  the  conclusion  that  the  system  of  traction  by  three-phase  current  gives,  in  some  cases,  a  satis- 
factory solution  from  the  technical  as  well  as  from  the  economic  point  of  view. 

A  knowledge  of  these  results  might  lead  the  Congress  to  modify  its  conclusions  on  the 
subject  in  question.  It  is  for  this  reason  that  we,  the  undersigned,  unable  owing  to  lack  of  time 
to  send  a  detailed  report  supporting  this  statement,  venture  to  ask  the  Congress  to  take  note  of 
it;  and  that  we  propose,  at  a  later  date,  to  send  a  detailed  report  to  the  Permanent  Commission 
at  Brussels,  so  that  it  may  be  made  the  subject  of  discussion  at  the  next  session  of  the  Congress 

We  have  the  honour  to  be.  Sir, 

Your  obedient  servants, 

C.  Rota., 
chief  inspector  of  railways. 

E.  Grismayer, 
inspector  of  railways. 
The  President  of  the  seventh  session 

of  the  International  Railway  Congress, 
Washington, 
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APPENDIX    III. 


Remarks  on  Mr.  Victor  Tremontani's  report  No.  4, 

By  CoLOMAN  DE  GULACSY, 

PRBSIDBNT  OP  TBB  BOARD  OF  TOB  BOLDVA  VALLBT  LOCAL  tlAILWAY. 


As  the  state  of  my  health  prevented  me  from  going  to  America  and  taking  part  in  the  meetings 
of  the  International  Railway  Congress,  I  send  in  writing  my  remarks  on  Mr.  Victor  Trcmontani's 
report  on  subject  VIII  (electric  traction);  a  copy  of  his  report  has  kindly  been  forwarded  to  me 
by  the  General  Secretary  of  the  Congress. 

My  remarks  are  chiefly  based  on  the  observations  made  on  the  Lecco-Chiavenna-Colioo-Sondno 
line  of  the  Societd  delta  Strode  Ferrate  Meridionali,  from  September  4,  1902,  when  that  line 
was  opened  to  traffic,  till  the  present  day.  The  electric  traction  equipment  of  this  line  was 
supplied  by  Messrs.  Ganz,  of  Budapest. 

Mr.  Tremontani's  report  deals  with  the  development  of  electric  traction  between  1900  and  1905, 
and  considers  more  especially  the  progress  made  in  Italy  in  this  connection.  After  a  short 
account  of  previous  trials  and  attempts,  he  enunciates  in  a  general  manner  the  advantages  of 
electric  traction  as  against  steam  traction,  and  makes  an  interesting  comparison  between  the  two 
methods  of  traction. 

I  do  not  wish  to  consider  in  this  place  the  definite  and  clear  statements  and  arguments,  with 
which  I  wholly  agree;  but  I  wish  to  mention  sundry  points,  the  discussion  of  which  cannot  but 
help  to  elucidate  the  qnestion.  if  opposing  views  be  compared. 

In  his  report  proper,  Mr  Tremontani  mentions  as  one  of  the  advantages  of  electric  traction 
the  possibility  of  using  mixed  traction,  that  is  to  say  electric  traction  and  steam  traction 
conjointly. 

In  my  opinion  it  is  inadvisable  to  use  steam  locomotives  to  haul  trains  on  an  electrified  line ; 
all  the  more  so  as  such  a  line,  in  order  to  be  profitable,  requires  all  the  trafSc  it  can  get  and 
cannot  give  up  any  part  of  this  to  the  old  steam  locomotive,  without  seriously  reducing  its  receipts. 
One  serious  objection  against  the  use  of  electric  traction  is  the  high  cost  of  the  equipment 
necessary.  Therefore  it  is  not  advisable  to  electrify  lines  with  little  traffic.  Why  then  haul 
part  of  the  traffic  on  an  electrified  line  by  a  difierent  method?  Quite  apart  from  the  expense 
and  complication  of  mixed  traction,  it  seems  to  me  that  this  reason  alone  is  enough  to  condemn 
this  system. 

Yet  if  we  find  examples  of  lines  where  mixed  traction  is  used  —  and  the  reporter  mentions 
such  —  it  seems  to  me  that  it  is  the  electric  system  used  which  is  the  real  cause,  rather  than  the 
advantages  of  a  system  of  mixed  traction.  The  continuous  current  system  used  on  the  Milano- 
Varese  line  appears  not  to  be  very  suitable  for  goods  traffic,  as  steam  locomotives  continue  to  be 
used  there  for  that  purpose.  Now  I  think  that  the  electrification  of  a  line  must  necessarily  include 
the  goods  traffic,  for  by  increasing  the  weight  hauled,  by  electric  traction,  per  kilometre  of  line, 
the  cost  of  traction  is  materially  reduced. 
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The  reporter  then  states  generally  that  a  very  great  advantage  of  electric  traction  consists  in 
the  possibility  of  subdividing  heavy  trains  into  lighter  and  more  numerous  units. 

In  my  opinion,  this  advantage  only  exists  on  one  particular  kind  of  railway,  namely  on  urban 
and  suburban  lines.  On  lines  with  international  traffic,  with  express  trains,  it  would  be  difficult 
to  have  a  frequent  service  of  light  trains. 

It  is.  therefore,  very  necessary  to  distinguish  between  these  two  kinds  of  traffic,  and  to  employ 
the  system  of  traction  most  suitable  in  each  individual  case.  Goods  traffic  however  could  never 
stand  having  its  heavy  trains  divided  into  a  number  of  lighter  units.  Consequently  when  the 
chief  business  of  a  line  is  its  goods  traffic,  t^uqh  line  requires  a  system  which  will  act  as  a  perfect 
substitute  for  the  steam  traction  of  to  day,  with  its  heavy  trains. 

These  reasons  are  all  in  favour  of  having  heavy  trains  hauled  by  locomotives.  It  is  true  that 
multiplying  the  number  of  trains  increases  the  passenger  traffic  and  the  corresponding  receipts. 
It  will  thus  always  be  necessary  to  make  a  compromise  between  the  requirements  of  economy 
(heavy  trains)  and  those  of  a  multiple  service  (frequent  and  light  trains).  Local  conditions  such 
as  :  amount  of  traffic,  cost  of  energy,  etc.,  will  decide  what  system  it  is  most  advisable  to 
adopt. 

Further  on  in  his  report,  the  reporter  again  refers  to  this  subject,  when  he  considers  the  number 
of  tractors  to  be  used  when  a  line  is  electrified.  He  gives  the  arguments  of  those  in  favour  of 
locomotives,  comparing  them  with  the  arguments  in  favour  of  multi[fle  units  and  arrives  at  the 
conclusion  **  that  the  system  of  having  trains  hauled  by  an  electric  locomotive  can  be  adopted  in 
the  case  of  goods  trains  and  of  trains  with  through  carriages  between  distant  points,  on  lines  with 
gentle  gradients  where  it  is  not  necessary  to  obtain  quick  starting  and  to  run  at  high  speeds; 
whereas  in  all  other  cases  the  multiple  unit  system  is  to  be  preferred.  " 

In  my  opinion,  the  most  suitable  system  is  that  which.enables  trains  to  be  used,  hauled  in  some 
suitable  way,  either  by  motor  cars,  or  by  locomotives.  The  three-phase  Valteliue  line  is  the  best 
example  of  this,  as  it  has  motor  cars  of  300  horse-power  (296  British  horse-power)  and  also 
locomotives  of  1,800  horse-power  (1,775  British  horse-power). 

The  increased  adhesive  weight  which  results  from  the  subdivision  of  the  tractors  does  not 
necessarily  affect  the  question,  as  long  as  the  motive  power  necessary  can  be  given  by  a  single 
locomotive.  In  Europe  the  drawpjear  of  the  carriages  hardly  stands  more  than  10  tons 
(9*84  English  tons.)  Now,  allowing  2  tons  (1  -97  English  ton)  for  the  working  and  the  acceleration 
of  the  tractor,  the  latter  should  give  12  tons  '  1 1  81  English  tons),  measured  at  the  tread  of  the 
wheels.  With  motors  giving  a  uniform  torque  (continuous,  polyphase)  we  can  reckon  on  a 
coefficient  of  adhesion  of  25  per  cent.  A  force  of  12  tons  (1 1*81  English  tons)  thus  requires  an 
adhesive  weight  of  48  tons  (47*24  English  tons);  certainly  not  an  excessive  amount.  Therefore 
as  long  as  it  remains  unnecessary  to  produce  much  greater  tractive  efforts,  there  is  no  need  to 
adopt  the  multiple  unit  system  in  order  to  distribute  the  adhesive  weight  better. 

System  to  be  adopted. 

The  reporter  then  discusses  the  question  of  what  system  should  be  chosen,  in  (he  first  place  as 
regards  the  transmission,  secondly  as  regards  the  distribution  of  the  energy.  As  regards  the 
former,  he  recommends  unreservedly  the  use  of  high  pressure  alternating  current,  although  very 
interesting  results  have  been  obtained  with  high  pressure  continuous  current,  on  the  Thury 
system. 

In  my  opinion,  the  latter  will  never  satisfy  the  conditions  required  for  electric  traction,  and 
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that  for  well-known  reasons.     It  is  for  this  reason  that  I  agree  perfectly  with  the  reporter  on  the 
use  of  high  pressure  alternators  as  generators  at  central  stations 
As  regards  distribution,  the  reporter  enumerates  the  three  following  systems  : 

1®  Continuous  current; 

2^  Polyphase  current ; 

3°  Monophase  current. 

In  order  to  compare  these  three  systems,  he  discusses  them  separately,  and  then  arrives  at  his 
conclusions.  I  do  not  agree  with  many  of  the  arguments  and  conclusions  of  the  reporter,  as  I 
propose  to  show  below. 

Continuous  current  system. 

As  soon  as  electric  traction  on  a  real  railway  is  in  question,  continuous  current  cannot  compete 
with  high  pressure  alternating  current,  on  account  of  the  complicated  system  of  transmission  of 
energy.  The  advantages  of  the  continuous  current  motor  for  purposes  of  traction  can  no  longer 
make  up  for  the  disadvantages  resulting  from  the  necessity  of  having  substations  with  rotating 
machinery,  and  of  having  the  both  expensive  and  dangerous  third  rail  laid  on  the  line.  The 
latter  is,  moreover,  being  given  up  more  and  more,  owing  to  its  inherent  disadvantages,  by  a  large 
number  of  those  formerly  in  favour  of  it;  among  them  we  may  mention  more  especially  Mr.  George 
Westinghouse,  who  states  quite  plainly  in  a  letter  published  in  No.  25  of  the  Electrical  World 
and  Engineer,  that  overhead  conductors  are  the  line  of  the  future,  and  that  the  third  rail  will  be 
given  up  altogether. 

Without  wishing  to  discuss  the  disadvantages  of  that  system  more  fully,  I  will  confine  myself 
to  quoting  the  particulars  contained  in  Mr.  Paul-Dubois'  report  on  the  subject  of  the  cost  of 
equipping  the  line  with  a  third  rail. 

According  to  him,  the  equipment  of  a  kilometre  of  single  track  costs  at  least  25,000  francs 
(£1,600  per  milej,  and  may  easily  reach  40,000  or  50,000  francs  (£2,570  or  £3,200  per  mile), 
according  to  circumstances.  The  cost  of  a  sub-station  is  200  francs  (£8)  per  kilowatt  installed, 
with  a  minimum  of  50  kilowatts  per  kilometre  (80*5  kilowatts  per  mile) ;  so  this  amounts  to 
10,000  francs  per  kilometre  (£640  per  mile).  Thus  the  total,  as  a  minimum,  is  3.^,000  francs 
per  kilometre  {£2,25(J  per  mile)  of  single  track  {*).  According  to  Mr.  Paul-Dubois,  the  cost  of 
the  electric  equipment  of  a  line  alone  is  one  third  or  even  half  the  total  cost.  On  the  other  hand 
the  cost  of  maintenance  and  of  supervision  of  the  sub-stations  with  rotating  machinery  increases 
the  working  expenses  to  such  an  extent  that  the  latter,  plus  interest  charges  and  sinking  fund  of 
capital  invested,  make  it  impossible  to  adopt  this  system. 

It  is  thus  not  possible  to  say,  with  the  reporter,  that  this  "  in  the  case  of  a  line  with  much 
traffic  and  of  new  lines  would  not  be  a  matter  of  much  importance  "  ;  on  the  cwitrary,  the  heavier 
the  traffic  and  the  longer  the  line,  the  greater  the  importance  of  these  disadvantages. 

Three-phase  high  pressure  system. 

When  considering  this  system,  the  reporter  admits  that  it  is  less  expensive  in  first  cost  and  in 
working,  as  the  rotary  transformers  and  the  supervision  they  require  are  eliminated ;  he  does  not 
discover  any  other  argument  in  favour  of  this  system  but  many  disadvantages  which,  to  some 
extent  at  least,  are  only  apparent  ones.     It  is  true  that  this  system  has  not  yet  been  generally 


(*)  As  opposed  to  11,500  francs  (£740  per  mile),  the  cost  on  the  Valteline. 
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adopted  in  America,  the  classical  ground  of  electric  traction,  but  I  am  convinced  that  as  soon  as 
our  American  colleagues  recognize  its  advantages  they  will  not  hesitate  to  adopt  it.  It  is  for  this 
reason  that  I  have  decided  to  bring  these  advantages  to  their  notice  as  briefly  as  possible. 

These  advantages  are  firstly  of  a  technical  and  secondly  of  an  economical  order ;  the  latter 
affect  the  first  cost  as  well  as  the  working  expenses. 

As  regards  the  former,  the  polyphase  motor  is,  for  equal  power,  the  simplest  and  lightest. 
The  ease  with  which  it  can  be  used  direct  for  high  pressure,  as  well  as  in  a  low  pressure  circuit, 
makes  it  eminently  suitable  for  traction.  The  absence  of  a  commutator,  that  source  of  risk 
and  damage,  makes  it  possible  for  the  motors  to  stand  a  considerable  overload,  for  there  is  no 
need  to  provide  for  good  conunutation. 

Owing  to  the  uniform  torque  of  polyphase  motors,  the  coefficient  of  adhesion  nearly  attains  its 
theoretical  value  in  practice.  I  may  state  that  the  results  of  measurements  made  on  the  Valteline 
show  that  it  amounts  to  25  per  cent  and  sometimes  even  to  28  per  cent ;  consequently,  it  is  possible 
to  have  tractors  which  are  light  for  the  power  they  develop.  One  of  the  chief  advantages  of 
three-phase  motors  is  that  they  automatically  act  as  generators  as  soon  as  their  speed  exceeds  that 
of  synchronism  by  a  few  per  cent.  They  return  as  current  the  energy  produced  by  a  train 
running  down  a  gradient,  whereas  in  each  of  the  other  systems  this  energy  is  converted  into  heat 
by  the  mechanical  brakes. 

This  peculiarity  of  the  motors  can  also  be  utilized,  when  stopping  the  train,  to  recover,  elec- 
trically, part  of  the  momentum  of  the  train.  By  coupling  up  in  cascade,  the  train  can  be  braked 
electrically  to  the  corresponding  speed,  thus  recovering  the  kinetic  energy  due  to  the  difference 
of  these  two  speeds,  less  the  losses  in  the  motors  and  resistances. 

This  way  of  working  makes  the  three-phase  system  particularly  ^uitable  for  traffic  where  there 
are  many  stops  and  where  the  intervals  between  successive  stations  are  short,  particularly  when 
the  triple  cascade  arrangement  is  adopted,  which  make  it  possible  to  obtain  four  economic  speeds 
with  three  motors. 

Another  advantage  of  the  three-phase  system,  rarely  considered  but  very  important,  consists 
in  the  **  fly-wheel  "  effect  of  running  trains  on  the  central  station.  For  if  momentarily  there  is 
a  considerable  overload,  for  instance  when  two  or  more  trains  start  simultaneously,  the  revolu- 
tions of  the  motor  in  the  central  station  will  decrease  a  given  amount.  As  soon  as  this  reduction 
exceeds  2  or  3  per  cent,  all  the  trains  which  are  running  can  come  into  synchronism,  or  even  into 
hypersynchronism.  In  the  first  case,  they  cease  to  consume  energy;  in  the  second,  they  return 
part  of  their  kinetic  energy  to  the  line,  thus  relieving  the  central  station  to  some  extent.  This 
fly-wheel  effect  continues  until  the  speeds  are  once  more  in  equilibrium.  Experience  on  the 
Valteline  shows  this  peculiarity  of  the  three-phase  system  very  clearly;  it  will  be  of  even  greater 
importance  where  steam  is  used  at  the  generating  stations. 

The  reporter  then  mentions  as  an  objection  to  the  three-phase  system,  the  constant  speed  of  the 
synchronous  motors.  He  states  that  '*  a  traction  service  must  be  such  that  the  speed  and  the 
tractive  effort  may  be  able  to  vary  within  very  wide  limits.  *'  According  to  me,  it  is  not  the 
**  traction  service  '*  which  requires  great  variability  in  the  speed.  It  seems  on  the  contrary  that 
uniform  speed  on  a  whole  line  makes  it  much  easier  to  keep  proper  time.  I  think  the  reporter 
shares  this  opinion,  for  in  the  introduction  to  his  report  he  mentions  as  an  objection  to  the  steam 
locomotive  **  the  slowing  which  occurs  on  ascending  gradients..,  a  train  which  running  under 
full  steam  arrives  at  such  a  gradient,  has  its  resistance  per  ton  increased...  the  speed  then 
becomes  reduced.  " 

On  the  other  hand  with  electric  motors,  assumed  to  be  shunt  wound,  this  disadvantage  do9s  not 
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exist.  Now  as  regards  uniformity  of  speed,  polyphase  motors  are  very  comparable  with  conti- 
nuous current  shunt  wound  motors.  It,  therefore,  seems  that  the  author  agrees  with  us  in 
considering  that  the  uniform  speed  of  polyphase  motors  is  rather  an  advantage  as  regards  the 
service. 

I  rather  think  the  reporter  raises  this  objection  to  constant  speed  from  the  point  of  view  of 
economy,  and  of  the  excessive  sudden  demands  which  may  result  on  the  central  station.  I  will 
consider  the  question  of  economy  later  on.  As  regards  the  bad  effect  at  the  central  station  of  the 
sudden  loads,  I  repeat  that  the  *'  fly-wheel  "  effect  of  the  whole  system  materially  reduces  sudden 
variations  in  the  load  at  the  contral  station. 

Further  on,  the  reporter  states  that  arranging  the  motors  in  cascade  in  an  unfavourable  feature 
of  the  system.  Now  here  I  may  at  once  state  that  the  cascade  arrangement  is  not  an  integral  part 
of  the  system,  and  is  only  used  where  circumstances  make  this  advisable.  On  lines  with  gentle 
gradients  and  stations  far  apart,  where  most  of  the  running  is  at  full  speed,  the  cascade  arran- 
gement will  not  be  adopted.  But  the  nearer  the  stations  are  together,  the  greater  the  importance 
of  the  period  of  acceleration  and  of  braking ;  and  then  it  becomes  advisable  to  have  two  or  even 
three  motors  so  coupled  up.  And  then  it  can  no  longer  be  said  that  the  tractor  carries  super- 
fluous dead  weight  in  the  shape  of  unemployed  motors,  for  the  latter  are  working  most  of  the 
time,  and  can  become  cool  in  the  intervals.  They  can  consequently  be  designed  of  a  size  suitable 
to  the  work,  and  then  it  is  not  correct  to  describe  them  as  dead  weight. 

The  result  is  not  what  the  reporter  states  :  increased  weight  and  additional  expenditure  of 
energy.  The  weight  of  the  locomotives  of  the  more  recent  type  on  the  Valteline  line  (motors 
arranged  in  cascade)  is  62  tons  (61  English  tons);  the  maximum  power  given  is  1,800  horse- 
power (1,775  British  horse-power).  So  that  the  net  weight  per  horse-power  is  34*4  kilograms 
(76-9  lb.  per  British  horse-power).  The  New  York  Central  locomotive  develops  2,400  horse- 
power, and  weighs  86*5  tons  (85*1  English  tons);  thus  the  weight  per  horse-power  is  36  kilo- 
grams (80  5  lb.  per  British  horse-power).  This  difference  in  favour  of  the  three-phase  locomo- 
tive would  be  still  greater  if  the  latter  had  been  designed  for  a  speed  of  100  kilometres 
(62*  1  miles),  instead  of  one  of  64  kilometres  (39*8  miles)  per  hour. 

It  still  remains  for  me  to  discuss  the  objection  that  it  is  impossible,  with  polyphase  motors,  to 
make  up  lost  time. 

Here  only  time  lost  during  stops  is  in  question,  as  any  loss  while  running  is  made  impossible 
a  priori  by  the  uniformity  of  the  speed.  Lost  time  is  made  up  as  follows  :  the  ordinary  time 
table  is  based  on  the  normal  speed,  with  motors  arranged  in  cascade  on  steep  ascents  (if  any) 
and  with  coasting,  without  current,  down  gradients.  It  is  evident  that  if  we  do  the  whole  dis- 
tance at  full  speed,  we  can  gain  the  more  time  the  greater  the  distance.  On  down  gradients 
the  train  can  be  accelerated  by  gravity,  if  it  is  necessary  to  increase  the  speed  still  further. 

On  lines  with  stations  close  together,  time  can  also  be  made  up  by  increasing  the  acceleration 
at  starting  and  the  retardation  when  stopping. 

As  regards  first  cost,  the  three-phase  system  is  the  best  of  the  three.  This  is  quite  evident  as 
regards  continuous  current ;  the  use  of  high  pressure  and  the  absence  of  rotary  transfonners  are 
the  great  points.  For  flic  purposes  of  comparison  I  may  however  mention  the  Valteline  line, 
the  equipment  of  whicii  cost  on  the  average  11,500  francs  per  kilometre  (£740  per  mile),  substa- 
tions included,  as  compared  with  the  35,000  francs  per  kilometre  (£2,250  per  mile)  in  the  case 
of  the  continuous  current  line  mentioned  above. 

If  we  compare  its  prime  cost  with  that  of  the  monophase  system,  we  have  in  the  first  place  to 
observe  that  the  secondary  conductors  of  the  polyphase  system  will  be  more  costly  owing  to  the 
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second  wire  and  its  supports.  But  this  greater  cost  is  more  than  counterbalanced  by  savings 
in  the  rolling  stock,  in  the  central  station  and  in  the  mains. 

Monophase  motors  are  much  heavier  and  more  expensive  than  polyphase  motors  of  equal 
power.  The  regulating  transformers  which  replace  in  the  monophase  system  the  rheostats  are 
much  heavier  and  cost  more  than  the  latter.  Hence  the  weight  of  a  tractor  is  considerably 
greater. 

MonophaseHJurrent  generators  are  more  expensive  than  three-phase-current  generators  of  the 
same  power.  In  addition,  when  the  former  are  used  larger  ones  are  necessary,  as  the  mono- 
phase system  has  a  lower  efficiency. 

Moreover,  we  know  that  a  monophase  line  requires  33  per  cent  more  copper,  for  the  same 
pressure  of  energy  transmitted  and  loss  of  pressure. 

The  superiority  of  the  three-phase  system  over  the  other  systems  is  especially  marked  as 
regards  the  consumption  of  energy,  and  consequently  the  working  expenses. 

According  to  the  data  given  in  the  report  to  the  eighth  Italian  Electrical  Congress  (see  Elet- 
triciUtt  1904,  No.  44),  accurate  measurements  were  made  on  the  Valteline  line  in  order  to  deter- 
mine the  energy  consumed  by  moving  trains.  Without  going  into  the  details  of  these  measure- 
ments, I  merely  give  the  results  : 

1°  A  train  having  n  gross  weight  of  120  tons  (118  English  tons),  and  hauled  by  a  motor  car, 
ran  from  Lecco  to  Colico  (40  kilometres  [24*9  miles])  with  seven  intermediate  stops,  the  maxi- 
mum speed  being  64  kilometres  (39*8  miles)  per  hour.  The  consumption  was  31  watt- hours 
per  ton-kilometre  (50*7  watt-hours  per  English  ton-mile\  measured  on  the  trolley. 

As  opposed  to  this,  the  specific  consumption  on  the  monophase  line  Schenectady- Ballston  of 
the  General  Electric  Company  in  America  amounts  to  86  volt-ampere-hours  (see  Street  Railway 
Journal,  No.  9,  August  27,  1904). 

The  consumption  on  the  Stubaithal-Bahn  in  Austria,  equipped  by  the  Union  £lectrique  C'", 
on  the  monophase  system,  amounts  to  70  watt-hours  per  ton-kilometre  (114*5  watt-hours  per 
English  ton-mile). 

It  is  true  that  these  results  are  not  strictly  comparable,  for  the  distances  between  stations,  the 
gradients  and  the  speeds  differ.  However,  a  comparison  c^n  be  made  by  taking  the  figures  given 
by  polyphase  motors  during  trials.  Thus  if  we  calculate  the  specific  consumption  on  the  Stu- 
baithal-Bahn, for  the  three-phase  system,  we  get  as  result  30  watt-hours  per  ton-kilometre 
(49  watt-hours  per  English  ton-mile).  The  causes  of  this  great  difference  between  the  two  sys- 
tems is  that  energy  is  recovered,  with  the  three-phase  system,  on  down  grades. 

2*  The  energy  requii'ed  for  hauling  a  ton  on  the  flat  at  64  kilometres  (39*8  miles)  per  hour 
was  found  to  be  between  12*5  and  13*5  watt-hours  (between  12*7  and  13*7  watt-hours  per 
English  ton).  The  corresponding  figures  on  the  Milan-Porto-Ceresio  line  (with  third  rail)  is, 
according  to  the  reporter,  30  watt-hours  (30*5  wat^hours  per  English  ton).  It  is  true  that  the 
train  was  then  running  at  90  kilometres  (56  miles)  per  hour,  but  a  difference  of  40  per  cent 
in  the  speed  does  not  account  for  a  difference  of  130  per  cent  in  the  consumption  per  ton- 
kilometre,  unless  the  worse  efficiency  of  the  continuous  current  system  also  comes  into  play. 

The  average  consumption  at  Morbegno  central  station,  on  the  Valteline  line,  amounts  to 
44  watt-hours  per  ton-kilometre  (7 1  9  watt-hours  per  English  ton-mile).  But  this  figure  includes 
secondary  applications,  such  as  the  energy  for  lighting  and  heating  the  trains  and  for  lighting 
the  stations,  and  the  energy  used  in  the  repairing  workshops  at  Lecco.  The  result  of  special 
measurements  taken  in  order  to  determine  the  efficiency  of  the  energy  transmission  from  the 
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switchboard  of  the  central  station  to  the  trolley,  made  on  April  24,  1904,  was  87*5  per  cent. 
Knowing  that  the  specific  consumption  of  the  line  is  31  watt-hours  (50*7  watt-hours  per  English 
ton-mile)  (all  losses  on  up-gradients,  during  acceleration,  etc.,  included),  and  taking  this  efficiency 
into  consideration,  it  follows  that  the  secondary  applications  require  9  watt-hours  per  ton- 
kilometre. 

As  these  figures,  obtained  in  practice,  are  much  better  than  those  obtained  on  the  Milano- 
Porto-Ceresio  line,  it  is  incorrect  to  speak  of  the  bad  efficiency  of  the  three-phase  system  and  the 
bad  regulation  of  the  polyphase  asynchronous  motors. 

Even  in  the  case  of  lines  where  stops  are  frequent,  is  the  three-phase  system  superior  to  the 
other  systems,  as  regards  economy,  if  the  triple  cascade  arrangement  is  adopted ;  for  calcula- 
tions made  in  connection  with  different  projects  for  electrifying  metropolitan  lines  show  that  the 
energy  recorded  during  braking,  with  the  cascade  arrangement,  exceeds  by  50  to  100  per  cent 
the  energy  lost  in  the  rheostats  during  starting. 

The  reporter  considers  that  the  ideal  system  of  electric  traction  is  that  the  motor  car  by  itself 
should  constitute  the  train.  Even  if  that  be  so  from  the  point  of  view  purely  of  electric  traction, 
it  certainly  is  not  the  same  as  regards  operating  important  lines  with  international  traffic,  on 
which  heavy  and  fast  trains  have  to  run  according  to  a  definite  timetable.  The  ideal  system  is 
therefore  that  which  can  replace,  without  difficulty,  the  steam  locomotive  of  to-day,  so  that  light 
trains  may  also  be  run. 

What  I  have  stated,  I  think  proves  that  the  three  phase  system  has  manifold  advantages,  which 
however  have  not  as  yet  succeeded  in  giving  it  that  position  in  electric  traction  which  it  merits. 
This  is  due  to  the  one  definite  disadvantage  the  system  possesses  :  that  there  must  be  two  over- 
head conductors.  But  practice  has  shown  that  the  true  solution  of  this  problem  is  merely  a 
question  of  proper  construction.  The  experience  of  nearly  three  years  on  the  Valteline  line  has 
proved  that  no  disadvantage,  no  disturbance  in  the  service,  has  resulted  from  the  double  line. 

The  reporter,  in  the  continuation  of  his  report,  considers  the  monophase  system,  of  which  he 
enumerates  the  chief  advantages,  and  then  gives  a  summary,  with  which  I  entirely  agree  as  far 
as  the  general  features  are  concerned.  But  when  he  considers  the  electric  supply  system  to  be 
adopted,  our  opinions  no  longer  agree. 

I  propose  to  amend  the  proposed  conclusions  as  follows  : 

l^  The  continuous  current  system,  for  reasons  of  economy  and  safety,  cannot  compete  with  any 
other  high  pressure  system,  in  cases  where  traction  on  long  railways  is  concerned.  It  should 
therefore  be  given  up ; 

29  The  three-phase  high  pressure  system  is  particularly  suitable  for  heavy  traction,  both  on 
trunk  lines  as  well  as  on  metropolitan  lines;  at  the  same  time  it  makes  it  possible  to  run  light 
trains  on  the  same  lines.  Its  advantages  from  the  technical,  the  operating  and  the  et^onomic 
points  of  view,  render  it  superior  to  all  other  systems.  Its  only  disadvantage,  of  requiring  a 
double  conductor,  is  more  than  counterbalanced  by  its  other  advantages.  It  has  been  proved 
in  practice  under  difficult  conditions ; 

3<*  The  single  phase  system  has  not  yet  been  tried  for  heavy  traction  On  lines  so  equipped, 
where  results  have  been  obtained,  the  traffic  is  more  of  the  tramway  kind,  with  light  train-units. 
The  energy  consumed  is  distinctly  unfavourable.  It  may  be  that  the  saving  to  be  effected  in  first 
cost  will  result  in  its  application  on  secondary  lines;  but  it  is  advisable  to  await  what  results  the 
application  of  this  system  will  give  in  practice  in  the  traction  of  heavy  trains. 
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[  648  .235  &  628  .234  ]  QUESTION   IX. 


LIGHTING,  HEATING  AND  VENTILATION  OF  TRAINS 

(2»d  AND  Z^^  SECTIONS  JOINTLY.) 


Improvements  made  in  the  lighting,  the  heating  and  the  ventilation 

of  trains. 
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SECTIONAL   DISCUSSION 

■  <« 

{2^^  AND  3^*1  SECTIONS  JOINTLY.) 


Meeting  held  on  May  8,  1905  (morning). 


Mb.  Ed.  SAUVAGE,  president  of  the  2"^'  section,  in  the  chair. 

The  President.  (In  French.)  —  The  business  before  us  is  to  discuss  the  reports  of 
Messrs.  C.  B.  Dudley  and  Banovits  on  the  lighting,  heating  and  ventilation  of 
trains. 

It  will  probably  suit  the  meeting  best  if  we  taken  up  each  of  the  three  subjects 
separately.  (Agreed.) 

The  following  are  the  conclusions  proposed  by  Mr.  Banovits,  who  is  unfortu- 
nately not  here  : 

In  consequence  of  the  continual  improvements  and  advances  made  in  the  lighting,  heating 
and  ventilation  of  railway  carriages,  the  general  average  level  of  these  appliances  has  steadily 
improved  during  the  last  few  years. 

Nevertheless,  appliances  are  still  largely  used,  which  satisfy  the  reasonable  requirements  of 
passengers  only  very  inadequately  or  very  moderately. 

The  better  and  more  improved  appliances  may  be  divided  into  two  groups;  the  one  comprises 
the  appliances  which  owing  to  their  efficiency  can  satisfy  all  requirements,  however  exacting, 
but  which  require  separate  attention,  and  can  consequently  only  be  used  with  advantage  in 
special  cases,  and  not  where  there  is  much  traffic ;  the  other  comprises  the  appliances  which  can 
satisfy  all  modern  requirements,  and  owing  to  the  simplicity  of  their  manipulation  are  suitable 
for  the  best  trains,  and  allow  a  large  amount  of  traffic  to  be  dealt  with  readily  and  expeditiously. 
It  is  self-evident  that  in  such  appliances  also  further  improvements  are  still  to  be  made. 

To  the  second  group,  which  is  most  suitable  for  the  improvement  of  deficient  appliances, 
belong  : 

a)  As  regards  lighting  :  gas,  mixed  gas  and  electric  lighting;  the  last,  owing  to  its  many 
advantages,  is  worthy  of  special  attention  and  its  use  should  be  extended  as  much  as  possible ; 

b]  As  regards  heating  :  the  various  systems  of  steam  heating,  the  steam  and  the  condensed 
water  conduction  being  kept  as  separate  as  possible;  or  even  separate  piping  being  provided  for 
carrying  off  the  condensed  water; 
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c)  As  regards  ventilation  :  the  roof  ventilators,  with  their  action  increased  as  much  as  possible 
by  combining  them  with  pipe  ventilators;  in  this  connection,  it  should  also  be  noted  that  it  is 
desirable  to  supplement  the  ventilation  by  providing  for  the  supply  of  fresh  air  in  addition  to 
removing  the  foul  air. 

Finally,  it  must  be  emphasized  that  for  these  reasons  also  special  importance  must  be  attached 
to  the  proper  and  suitable  design  of  the  carriages,  as  not  only  is  the  proper  working  of  the 
appliances  mentioned  above  better  ensured,  and  consequently  the  legitimate  demands  of  pass- 
engers realized,  by  this  means,  but  the  safety  of  the  traffic  is  also  increased. 

I  now  call  upon  Mr.  Dudley  to  give  us  a  summary  of  his  report. 

Mr.  C.  B.  Dudley,  reporter  for  America.  —  It  is  hardly  necessary,  I  think,  to  say 
much  by  word  of  mouth  on  these  subjects,  as  the  whole  report  is  in  print  in  both 
French  and  English,  and  those  who  are  interested  will  undoubtedly  have  an  oppor- 
tunity to  read  the  same.  In  order,  however,  to  bring  up  the  matter  in  a  more 
concentrated  form,  it  may  perhaps  be  desirable  to  say  a  few  words  with  regard  to  the 
various  points  which  are  covered  by  the  report. 

As  regards  lighting,  it  must  first  be  noted  that  since  the  last  meeting  of  the 
Congress,  the  subject  has  advanced  and  that  candles  and  oil  lamps  are  disap- 
pearing. Though  candles  and  lanterns  still  sui'vive,  they  are  only  used  for  extra- 
ordinary lighting.  As  for  oil  gas,  its  use  seems  to  be  extending  much,  whereas 
that  of  coal  gas  appears  to  be  decreasing. 

I  would  draw  attention  to  the  installation  carried  out  on  one  of  the  Pennsylvania's 
cars,  exhibited  in  19^*^  street,  as  being  worth  inspection.  At  present  we  have  in  the 
United  Slates  some  25,000  or  26,000  cars  lighted  with  oil  gas  and  this  method  of 
lighting  tends  to  extend  day  by  day. 

We  are  now  likewise  making  experiments  on  a  large  scale  with  electric  lighting 
in  five  different  ways  : 

V  By  the  use  of  movable  accumulators  which  are  charged  at  fixed  points  and 
carried  in  the  cars; 

2^  By  the  use  of  accumulators  fixed  under  the  cars  and  recharged  while  the  cars 
are  standing  idle; 

3**  By  the  use  of  dynamos  operated  by  the  motion  of  the  car  axle ; 

4^  By  the  use  of  a  dynamo  situated  in  the  baggage  car; 

5^  By  means  of  a  steam  turbine  driving  a  dynamo  situated  on  the  locomotive. 
This  last  method  has  been  tested  only  to  a  limited  extent.  As  all  these  experiments 
have  not  been  carried  out  for  a  sufficiently  long  time,  1  do  not  think  we  can  yet 
arrive  at  any  definite  decision  about  the  various  methods. 

Besides  gas  and  electricity,  acetylene  has  been  tried  to  some  extent.     It  is  being 
used  for  instance  by  the  Adams  &  Westlake  Company  of  Chicago. 
This  method  of  lighting  has  been  tried  in  three  different  ways  : 

1<>  With  generators  situated  in  the  cars  themselves; 
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2*  With  receivers  holding  compressed  acetylene ;  and 

3*  With  acetylene  dissolved  in  acetone,  in  cylinders  containing  some  absorbent 
material. 

The  last  method  seems  likely  to  become  most  common. 

As  regards  prime  cost  and  consumption,  not  much  can  be  said,  and  1  hardly 
think  we  can  as  yet  arrive  at  figures  concerning  the  cost  of  upkeep. 

As  to  car-heating,  the  best  method  seems  to  be  to  use  steam  from  the  locomotive 
and  the  Baker  system  makes  it  possible  to  use  either  steam  or  coal  as  one  chooses. 
The  proper  diameter  for  the  pipes  and  the  arrangements  of  the  connections  are  the 
most  delicate  points  in  the  equipment.  Under  this  head,  I  call  attention  to  the 
three  methods  of  coupling  shown  at  the  exhibition,  now  open,  which  render  it 
possible  to  connect  automatically  and  simultaneously  the  air  and  steam  pipes  and  the 
alarm  signal. 

Lastly  coming  to  ventilation,  I  must  say  this  is  an  important  matter;  a  method  to 
be  good  ought  to  work  as  well  in  summer  as  in  winter  and  it  ought  to  be  suitably 
combined  with  a  system  of  heating.  Careful  investigations  on  this  subject  have 
been  made  by  the  Pennsylvania  Railroad  Company. 

For  further  details  1  may  refer  to  page  H  and  seq.  of  my  report  (*).  With  our 
system,  the  air  is  taken  from  outside,  down  under  the  flooring  of  the  cars  through 
hoods  and  down-takes  situated  diagonally  at  each  end.  The  air  comes  up  through 
the  floor  to  the  heater  boxes  where  it  is  heated  by  radiators  and  then  flows  into  the 
body  of  the  car  where  it  spreads  and  passes  out  through  ventilators  in  the  roof. 
Investigations  were  undertaken  by  the  Pennsylvania  Railroad  Company  as  to  how- 
much  fresh  air  comes  into  an  American  car  per  hour  and  I  estimate  the  quantity  at 
about  60,000  cubic  feet.  (Applause.) 

The  President.  (In  French.)  —  We  will  now  begin  to  discuss  the  two  reports  but 
we  will  attack  first  the  subject  of  lighting. 

Mr.  Wickersheimer,  French  State  Railway.  (In  French.)  —  I  should  like  to  be 
provided  with  a  few  details  about  the  use  of  acetylene  in  lighting  passenger 
carriages. 

When  not  compressed,  acetylene  gas  is  not  at  all  dangerous.  I  have  had  no 
experience  of  it  on  our  railways,  but  for  at  least  four  years  I  have  seen  it  in  use  at 
a  countrj-  house  where  I  reside.  I  know  the  gas  is  very  easy  to  manage  and  is  not 
at  all  dangerous  provided  that  no  explosive  mixture  is  manufactured  artificially. 

According  to  Mr.  Banovits'  report,  acetylene  gas  is  used  at  a  pressure  of  18  to 
20  centimetres  (7  Vie  ^^  ^  "/s  inches)  of  water;  this  is  an  exceedingly  low  pressure, 
for  there  is  not  the  very  slightest  danger  even  at  a  pressure  of  one  or  two  metres 
(3  ft.  3  3/8  in.  orCft.  Gs/^in.). 

I  see  in  Mr.  Dudley's  report,  that  the  one  difficulty  not  jet  overcome,  is  that  in  the  winter 


^*)  Vide  Bulletin  of  the  Railway  Congress,  No.  1,  January,  1905,  p.  327 


Digitized  by 


Google 


—  1434  — 

season,  the  car  must  always  be  kept  warm,  in  order  to  prevent  the  freezing  of  the  water,  and 
consequently  the  system  is  apparently  only  applicable  to  those  cars,  which  have  an  independent 
source  of  heat,  like  the  Baker  heater  system. 

Experience  has  shown  that  when  a  certain  quantity  of  alcohol  is  added,  freezing 
does  not  take  place;  so  then  the  use  of  acetylene  is  as  convenient  and  easy  in  winter 
as  in  summer. 

The  question  I  wish  to  ask  is  therefore  the  following  :  Has  any  engineer  who 
has  used  acetylene  tried  any  other  method  of  preventing  its  freezing? 

Mr.  Max  Toltz,  Manistee  &  Grand  Rapids  Railroad,  United  States.  —  Mr.  C.  B. 
Dudley  was  kind  enough  in  his  paper  to  mention  a  systepi  which  a  friend  of  mine, 
Mr.  Lipschutz,  and  myself  developed.  In  a  general  way,  I  will  give  the  details  of 
this  system.  In  1899,  the  speaker  was  requested  by  Mr.  James  J.  Hill,  president 
of  the  Great  Northern  Railway,  to  improve  the  lighting  of  cars  on  that  railway  and 
it  was  proposed  to  use  acetylene  in  some  form.  For  that  reason,  tests  had  to  be 
made,  and  as  it  was  proposed  to  use  this  gas  compressed,  neat,  a  study  had  to  be 
made  of  calcium  carbide  and  acetylene.  I  will  not  take  up  your  time  by  going  into 
details,  but  will  only  mention  that  the  dangerous  mixtures  of  acetylene  gas  are  the 
following.  Explosion  will  start  when  3  per  cent  of  this  gas  is  mixed  with  97  per 
cent  of  air;  it  will  be  at  its  maximum  when  the  mixture  is  11  per  cent  gas  and  89  per 
cent  air;  and  it  will  stop  when  proportions  are  24  per  cent  gas  to  76  per  cent  of  air. 

Some  twelve  years  ago  the  Pintsch  Company  in  Germany,  made  a  series  of  exper- 
iments and  tests  with  compressed  acetylene.  They  established  the  fact  that  this  gas, 
compressed  at  or  over  2  atmospheres,  will  dissociate  when  heated  to  1,432*'  Fahr., 
which  physical  change  is  imparted  to  the  whole  body  of  gas,  resulting  in  an 
explosion  of  a  serious  character.  It  was  further  found  that  no  shock  or  blow 
given  to  a  tank  in  which  compressed  acetylene  is  charged  will  create  an  explosion 
of  said  gas. 

Following  on  this  line,  a  series  of  tests  were  laid  out  to  establish  the  safety  devices 
employed  in  the  present  system. 

First  test,  —  A  tank  filled  with  acetylene  compressed  to  10  atmospheres  was 
surrounded  by  a  slow  fire  made  of  wood.  When  the  heat  had  risen  to  about 
1,000*"  Fahr.,  the  tank  was  pierced  with  a  rifle  bullet  to  establish  the  fact  that  such 
a  blow  would  not  create  an  explosion.  The  gas  simply  escaped  through  the  holes 
made  by  the  bullet  and  was  ignited  by  the  fire  and  was  consumed  in  about  two 
minutes  and  a  quarter. 

Second  test.  —  A  tank  charged  with  acetylene  compressed  to  10  atmospheres  was 
placed  under  a  hammer  with  which  freight  car  wheels  arc  tested.  The  weight  of 
the  hammer  was  1,200  pounds  and  the  fall  about  8  feet.  The  tank  was  perfectly 
crushed,  but  no  explosion  took  place  and  wherever  the  seams  of  the  tank  opened, 
gas  merely  escaped. 

Third  test  ^-  To  a  lank  charged  with  acetylene  compressed  to  10  atmospheres,  a 
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gas  pipe  ^!f  inch  in  diameter  and  50  feet  long  was  attached.  The  end  of  the  pipe 
was  plugged  and  a  fire  started  a  few  feet  from  this  end.  As  the  temperature  finally 
reached  the  danger  point,  the  gas  in  the  pipe,  at  the  application  of  the  heat,  disso- 
ciated and  was  accompanied  by  a  disastrous  explosion  that  was  imparted  to  the 
tank.  This  last  is  due  primarily  to  the  high  velocity  of  the  explosion  wave  in  the 
body  of  compressed  acetylene  and  to  the  very  rapid  communication  of  the  disso- 
ciative action  to  all  parts  of  the  body  of  compressed  acetylene. 

Fourth  test.  —  To  a  tank  having  fusible  seams  and  charged  with  compressed  ace- 
tylene to  10  atmospheres,  a  pipe  consisting  of  block  tin  and  having  the  same  length 
as  the  one  in  test  No.  3  was  connected.  The  tin  employed  has  a  fusing  point  of 
less  than  oOO**  Fahr.  The  pipe  at  the  end  was  plugged  and  a  fire  was  built  near  that 
end  and  as  soon  as  the  heat  was  raised  to  the  fusing  point  of  the  metal,  the  pipe 
opened  and  the  gas  simply  escaped,  being  ignited  by  the  surrounding  fire.  It  took 
about  two  minutes  to  consume  all  the  gas  which  was  in  the  tank. 

Fifth  test.  —  Around  a  tank  with  fusible  seams  and  fusible  plugs,  charged  with 
acetylene  compressed  to  12  atmospheres,  a  big  fire  was  built.  After  several 
minutes  the  heat  simply  opened  the  fusible  seams  and  plugs,  allowing  the  gas  to 
escape,  but  no  explosion  took  place.  There  were  fourteen  plugs  in  the  tank  and 
all  seams  were  soft  soldered.  The  metal  used  for  the  plugs  and  for  the  soldering 
of  the  seams  was  tested  to  its  fusing  point,  which  was  a  little  over  4o0*»  Fahr.  In 
this  test  it  took  less  than  thirty  seconds  to  consume  all  the  gas  which  was  in  the 
tank  after  the  plugs  and  seams  had  melted. 

From  the  results  of  these  tests,  the  system  of  lighting  cars  with  compressed  acety- 
lene, but  with  the  special  view  of  using  the  present  Pintsch  equipment  under  and 
in  the  cars,  was  established.  The  main  object  has  been  to  provide  means  whereby 
acetylene  gas  under  high  pressure  can  be  carried  within  a  suitable  receptacle  in  or 
under  a  passenger  coach  with  absolute  safety.  Therefore,  the  reservoir  or  tank  is 
constructed  with  seams  which  are  soft  soldered  and  having  fusible  plugs  in  the 
shell,  that  will  fuse  at  a  temperature  of  oOO*  Fahr.  or  less  and  permit  the  contents 
of  the  tank  to  escape  and  prevent  an  explosion  of  the  gases  therein  should  the  tank 
be  subjected  to  an  intense  heat,  as  by  the  burning  of  the  car  or  train. 

To  determine  the  value  of  the  fusible  plugs,  made  out  of  diff'erent  material,  further 
tests  were  made  by  the  Canadian  Pacific,  and  three  ditterent  fusible  plugs  were 
used  and  in  every  case  the  tests  were  satisfactory.  In  other  words,  the  plugs  fused 
away  below  the  danger  point.  Another  safety  appliance  in  the  system  is  the  fact 
that  the  high  pressure  pipes  under  the  car  which  lead  from  the  tank  to  the  reg- 
ulator or  reducing  valve  are  made  of  tin  which  will  fuse  at  or  below  oOO°  Fahr. 
The  car  equipment  is  the  same  as  used  in  the  Pintsch  system. 

The  Great  Northern  Railway  is  making  experiments  now  with  an  iron  pipe  for 
the  high  pressure  pipe,  but  they  inserted  a  safety  device  between  the  tank  and  the 
regulator,  which  has  the  purpose  of  providing  means  whereby  dissociation,  if  it 
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occurs  in  the  high  pressure  pipes,  may  be  localized  and  stopped  or  broken  up, 
thus  allowing  time  for  fresh  gas  to  enter  the  device  from  the  tank  and  stop  the 
progress  of  action,  whereby  the  effect  of  the  explosion  in  the  pipes  is  minimized 
and  disaster  to  the  main  body  of  the  gas  prevented. 

After  the  gas  has  passed  the  regulator,  it  is  delivered  to  the  pipes  in  the  car  at  a 
pressure  of  2'3  to  3  inches  water  pressure.  The  Pintsch  lamp  should  be  remo- 
delled, inasmuch  as  the  pipe  which  supplies  the  gas  to  the  burners  is  centrally 
located  in  the  lamp  and  is  surrounded  by  the  flames.  This  arrangement  would 
unduly  heat  the  acetylene  gas  and  polymarize  it. 

The  globes,  instead  of  being  clear  glass,  are  made  of  opal,  milk  white  glass, 
which  diffuses  the  light  more,  although  a  certain  amount  of  the  light  is  cut  off. 
The  burners  used  in  the  lamps  are  high  grade,  and  are  manufactured  by  Von 
Schwartz,  in  Germany. 

The  efficiencies  of  the  burners  are  as  follows  : 


BDRNERS. 

CONSUMING 
PER  HOUR. 

PRBSSURB. 

CANDLE-PO\l  PR. 

BPFICIKNCY. 

1  foot 

0-97  cubic  foot. 
0-73        — 
0-60        — 
0-48        — 
0-33        — 

2-7  inches. 
2-7      - 
2-7      — 
2-7      — 
2-7      - 

41-6 

310 

24-0 

16  0 

8-0 

S6  per  cent. 
77        — 
75        - 
66        — 
50       — 

Experiments  with  mantels  have  also  been  conducted,  but  so  far  they  have  not 
been  a  success. 

The  success  of  any  acetylene  gas  system  depends  to  a  great  extent  upon  the  means 
employed  for  the  generation,  drying,  storage  and  compression  of  the  gas  preparatory 
to  use.  For  that  reason,  and  to  generate  the  gas  at  low  temperature,  a  generator 
is  used  that  drops  a  small  quantity  of  carbide  into  a  big  volume  of  water.  After 
the  gas  is  generated,  it  passes  through  a  water  seal  where  a  fine  spray  of  water  is 
made  to  play  over  the  gas,  for  the  purpose  of  removing  some  of  the  sulphurated 
hydrogen.  From  there  it  is  taken  through  a  filter  of  wood  cardings  and  wool  felt 
in  order  that  it  may  be  cleaned  from  all  lime  particles.  It  finally  is  compressed 
in  a  three-stage  compressor,  the  pressure  at  discharge  pipe  of  each  cylinder  being 
as  follows  : 

Low  pressure 30  lb. 

Intermediate  ....  .     .         80  — 

Final  pressure 240  — 
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Assuming  that  no  cooling  effect  occurred  during  the  period  of  compression,  and 
the  gas  was  cooled  lo  normal  temperature  between  the  stage,  only,  the  theoretical 
temperature  would  be : 

In  the  low  pressure  cylinder 285°  Fahr. 

In  the  intermediate  cylinder \     .     .     .     .       186<^     — 

Final  discharge ...       234°    — 

By  several  modifications  of  the  original  design  of  the  compressors,  the  manufac- 
turers finally  succeeded  in  delivering  the  gas  at  the  following  observed  tempera- 
tures, viz,  : 

In  the  low  pressure  cylinder 150°  Fahr. 

In  the  intermediate  cylinder 111°    — 

Final  discharge 120°    — 

The  difference  between  the  latter  and  the  adiabatic  temperatures  given  above  was 
caused  by  the  thorough  cooling  arrangement  provided  in  the  compressor. 

The  Great  Northern  Railway  has  up  to  date  loo  cars  equiped.  They  have  only 
one  plant,  located  at  St.  Paul,  but  their  cars  run  from  St.  Paul  to  Seattle,  a  distance 
of  1,800  miles,  and  upon  returning  to  St.  Paul  they  still  have  enough  of  the  acety- 
lene gas  left  for  a  trip  of  1,800  miles 

The  cost  of  the  gas  in  1902  was  $10-45  per  1,000  cubic  feet.  In  one  month, 
March,  1902,  the  cost  of  the  gas  was  S7()6  per  1,000  cubic  feet  of  gas.  This  was 
due  to  the  fact  that  a  very  cheap  second  grade  carbide  could  be  had  at  that  time. 

The  cost  of  lighting  per  car  per  night  during  the  year  1904  at  the  rate  of  $9*94 
per  1,000  cubic  feet,  is  as  follows  : 


KIND   OF   CARS. 


6 


s  - 


I  - 

u 
a;  0/ 


COST   PER    NIflHT  PER   CAR. 
CUBIC  FOOT  ACETYLENE  EQUALS 
4  CUBIC  FEET  OIL  OA8. 


Acetylene 

per 
l.W)  cubic 

feet. 


Oil  gaa 
per  1,00(1  cubic  feet. 


$5- CO. 


$3-00. 


Coaches  . 

Diuiug     . 

Sleeping . 
Tourist  . 
Library  . 


Baggage  and  e.\. 


357 

-07 
713 

834 

752 

586 
572 


land? 
3uud4 

1  luiiii 
3  and  4 

laud? 

1  and  2 

laud  2 

laud  2 
3  and  4 


4»/, 
6 

6 

4V» 
4Vi 
41/j 
41 1 


3**2 

407 

446 
425 

542 

297 

446 

R>5 

298 


85 

78 

99 
71 

124 
66 
99 
57 
50 


342 

993 
748 

498 
716 

24S 


$0-84»2 
0-77>. 

0-9&V2 
0-7l'Ji2 

1-23 1/4 

0-65 1,2 
0-98is 

0-5612 
0-4^  I'j 


$1-70 
1-56 

1-98 
1-42 

1-32 

1-98 

1-14 
1-00 


$1-02 
0-94 

1-19 

0-85 

1-49 

0-79 

1-19 

0-68 
'     0-60 
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On  the  Canadian  Pacific,  they  have  to  date  equipped  369  cars.  The  cost  of  the 
gas  during  the  first  three  months  of  this  year  is  .$9*02  per  1,000  cubic  feet,  and  the 
average  cost  per  car  per  night  consuming  944  cubic  feet  per  night  is  86  cents.  The 
cost  of  a  plant  having  a  capacity  of  2,000  cubic  feet  per  hour,  is  §15,000  including 
the  building.  The  cost  of  a  plant  having  a  capacity  of  1,000  cubic  feet  per  hour, 
including  the  building,  is  $9,000. 

While  acetylene  possesses  five  times  the  illuminating  power,  volume  for  volume, 
of  oil  gas,  this  relation  does  not  hold  good  for  the  heat  units.  The  heating  ability 
ofacetyleneistothatof  oil  gas,  volume  for  volume,  asi,G8o  is  to  1,275.  The  candle 
power  of  oil  gas  drops  from  60  to  40  candle-power  when  the  same  is  compressed  to 
10  atmospheres  and  the  pressure  is  limited  to  this  figure,  not  by  considerations  of 
safety  or -by  the  apparatus,  but  by  the  prohibitive  loss  in  candle-power  which  the 
gas  undergoes  it  the  pressure  is  exceeded  beyond  that  point.  Acetylene  may  be 
compressed  to  600  pounds  per  square  inch  without  undergoing  any  loss  in  candle- 
power. 

The  information  given  by  Mr.  Dudley  in  his  report  ihai  only  two  roads  in  America 
are  using  neat  acetylene  compressed  gas  is  correct,  but  this  is  due  to  the  fact  that 
the  Canadian  Pacific  Railway  Company  owned  the  Canadian  patent  rights,  and  the 
Great  Northern  Railway  Company  are  operating  under  a  license  given  them  by  the 
patentees,  the  Pintsch  Company  controlling  the  patents  in  the  United  Slates.  In 
regard  to  the  working  of  the  system  on  the  Great  Northern,  I  will  say  that  it  has 
been  in  vogue  since  1899.  No  accidents  have  occurred,  except  two  cases.  Cylinders 
have  exploded  under  conditions  that  should  not  be  charged  against  the  system.  At 
that  time  the  tanks  were  not  prepared  with  fusible  plugs,  but  had  fusible  seams 
only.  In  one  case  a  whole  train  was  run  over  a  bridge  which  was  burning,  and,  of 
course,  the  cylinder  gave  way.  There  was  no  damage  done,  except  that  one  side  of 
one  car  was  charred.  In  another  case  a  car  cleaner  was  thawing  out  a  steam  trap 
and  with  his  torch  he  came  too  near  to  the  high  pressure  pipe,  wdiich,  of  course, 
fused,  and  in  doing  so  he  turned  the  high  pressure  against  the  tank,  and  as  this 
tank  had  no  fusible  plugs  it  exploded.  There  were  no  damage  done,  except  that 
the  car  cleaner  was  thrown  about  50  feet  from  the  car,  without  being  seriously  hurt. 

Mr.  Wickersheimer.  (In  French.)  —  Could  you  answer  the  question,  I  asked  just 
now?  lias  anybody  tried  a  mixture  of  alcohol  and  water  in  the  generator  to  obviate 
freezing  in  winter? 

Mr.  Max  Toltz.  —  Alcohol  and  water  has  not  been  used  in  America  —  we  have 
used  glycerine  on  top  of  the  water. 

Mr.  W.  E.  Fowler,  Canadian  Pacific  Railway.  —  Mr.  President  and  gentlemen,  it 
perhaps  might  not  be  inappropriate  following  the  detailed  statement  of  the  inventor 
of  this  system  of  acetylene  lighting  which  is  now  being  discussed,  to  give  you  a 
statement  from  the  standpoint  of  the  man  who  is  using  it  every  day. 

The  Canadian  Pacific  Railway  Company  for  several  years  before  my  connection 
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with  it  had  been  testing  a  number  of  different  lighting  systems  —  acetylene  lighting 
under  two  methods  and  electric  lighting  systems  of  three  kinds  were  experimented 
with.  About  two  years  ago,  the  system  described  by  Mr.  Toltz  proved  so  attractive 
to  the  road  that  they  decided  to  make  extensive  use  of  it.  Mr.  Tollz  has  described 
the  system  in  detail  very  clearly,  but  I  want  to  follow  Mr.  Tollz'  statement  with  one 
of  my  own,  to  the  effect  that  since  the  Canadian  Pacific  Railway  has  been  using  the 
system  —  we  now  have  it  installed  on  369  cars  —  we  have  not  had  a  single  accident 
connected  with  it. 

I  do  not  think  Mr.  Toltz  referred  to  the  test  that  the  Canadian  Pacific  made  about 
two  years  ago,  of  three  of  the  receivers  or  tanks  which  he  has  described,  with  a  viewof 
determining,  from  their  own  experiments  (regardless  of  the  statements  made  by  the 
inventor),  whether  or  not  these  tanks  could  be  exploded  by  fire.  We  prepared  these 
three  tanks  with  plugs  of  various  fusible  materials,  and  prepared  a  tank  or  enclo- 
sure of  old  rails,  suspended  the  tanks  successively  in  this  enclosure  on  chains  — 
having  first  laid  a  quantity  of  dry  wood  under  them  —  and  to  prevent  any  injury  in 
case  the  tanks  should  explode,  we  covered  them  up  with  the  rails.  We  started  the 
wood  fire,  having  saturated  the  wood  with  kerosene,  and  retired  a  short  distance 
away.  Within  a  period  of  I  think  two  minutes,  several  of  the  fusible  plugs  in  each 
of  these  tanks  melted  out,  the  gas  was  released  and  they  took  fire,  of  course,  but 
there  were  no  explosive  features  whatever.  After  the  first  tank  was  tested,  we  were 
not  so  careful  to  retreat  a  respectable  distance,  and  we  remained  very  close  to  the 
tanks  being  tested  in  the  two  last  cases,  each  of  which,  however,  gave  the  same  satis- 
factory results. 

Mr.  Toltz  referred  to  the  use  of  opalescent  globes  for  the  lighting.  It  is  true 
that  in  our  sleeping  carsi  we  use  that  character  of  globes,  but  on  account  of  the 
great  absorption  of  light  by  that  medium,  we  have  largely  dispensed  with  its  use, 
and  in  our  second  class  cars,  our  baggage  cars  and  mail  cars,  we  have  gone  back  to 
the  use  of  the  clear  globe,  with  the  result  that  we  are  reducing  the  cost  of  lighting 
the  cars  very  materially. 

The  cost  of  the  production  uf  gas  has  been  referred  to  by  Mr.  Toltz  as  being  in 
the  neighbourhood  of  .$9*94.  You,  gentlemen,  will  understand  that  as  the  quantity 
delivered  by  each  one  of  these  plants  is  increased,  the  cost  of  production  will  be 
correspondingly  decreased,  and  as  the  Canadian  Pacific  Company  is  adding  to  its 
equipment  all  the  time  we  are  almost  every  month  reducing  the  cost.  As  far  as  the 
recommendations  of  the  light  itself  is  concerned,  perhaps  Mr.  Toltz  has  already 
given  you  all  that  is  necessary,  but  I  want  to  say  that  we  find  it  very  satisfactory  —  it 
is  a  bright,  clear,  white  light,  easily  handled.  We  are  not  troubled  with  law  suits 
by  passengers  on  account  of  oil  dripping  on  their  clothes;  there  are  no  carpets  to 
renew  on  account  of  the  oil  dropping  down  on  them ;  and  we  have  no  expense  for 
damages  on  account  of  lamps  falling  from  their  sockets  and  injuring  passengers, 
which  has  happened  occasionally  with  the  oil  lamp.  In  short,  I  may  say  that  it  is 
generally  a  very  satisfactory  equipment. 
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A  test  of  the  comparative  ^ost  of  lighting  by  oil  lamps  and  lighting  by  the  Toltz- 
Lipschutz  acetylene  gas  system  has  been  going  on  for  some  little  time.  I  am  sorry 
that  1  have  not  the  figures  with  me  to  give  them  to  you  accurately,  but  I  can  say  in  a 
general  way,  that  we  are  to-day  getting  three  times  the  candle-power  at  about  the  same 
cost  as  we  formerly  got  from  the  oil  lamp ;  and  in  order  to  make  that  statement  of 
more  value  I  wish  to  say  that  the  Canadian  Pacific  passenger  cars,  even  when 
lighted  by  oil  lamps,  were  what  might  be  called  profusely  lighted,  and  that  is  true 
of  them  to-day.  The  number  of  lamps  in  each  car  were  considered  by  practical  men 
as  being  entirely  too  many,  and  those  who  have  had  experience  with  oil  lamps 
know  also  that  the  oil  lamp  in  the  warm  nights  of  summer  is  a  very  undesirable 
feature.  The  acetylene  gas  lighting  is  much  cooler  than  any  other  system  I  know 
of,  and  has  entirely  removed  this  objectionable  feature  which  is  inherent  in  the  oil 
lamp.  We  found  that  our  sleeping  car,  patrons  very  soon  became  acquainted  with 
that  fact.  In  the  changeable  days  of  the  fall  and  spring  months,  in  the  evening,  as 
soon  as  the  oil  lamps  were  lighted,  the  car  was  heated  up  almost  beyond  endurance; 
but  since  we  have  used  the  acetylene  gas  lamp  we  get  a  much  more  brilliant  light 
with  a  cool  and  confortable  car. 

I  shall  be  glad,  if  I  can,  to  give  any  further  information  to  the  delegates  present, 
but  1  do  not  think  of  anything  which  I  can  say  in  recommendation  of  the  system, 
more  than  I  have  said,  which  we  have  found  so  successful. 

Mr.  Brisse,  French  Eastern  Railway.  (In  French.)  —  Does  not  charging  the  rea^ivers 
and  the  production  of  the  gas  lead  to  leakages  which  are  objectionable  to  passen- 
gers? 

Mr.  W.  E.  Fowler.  —  I  have  heard  no  objection  at  all  to  the  charging  of  cars  in 
our  stations,  although  we  now  charge  cars  in  three  of  our  principal  stations  on  the 
lines.  Indeed,  there  can  hardly  beany  objection,  for  by  the  use  of  the  Pintsch 
system  which  locks  the  gas  up  in  the  transfer  hose  —  the  hose  which  transfers  the 
gas  from  the  pipe  line  to  the  receiver  on  the  car  — ,  there  should  not  be  any  escape 
of  gas.  If  there  is  at  any  time,  it  can  only  be  from  some  defect  in  the  valve. 
I  presume  the  gentlemen  here  are  fomiliar  with  the  Pintsch  system  of  transferring 
gas  from  the  pipe  lines  to  the  car,  and  this  acetylene  gas  system  that  has  been 
described  by  Mr.  Toltz,  which  we  are  using,  uses  the  Pintsch  apparatus  practically 
all  the  way  through.  Practically,  the  only  changes  in  the  Pintsch  system  are  the 
safety  features  which  he  has  described,  that  is,  the  plugs  in  the  tanks  and  the  fusible 
pipe  connected  with  the  regulator,  the  change  in  the  burner  and  a  method  of  bring- 
ing the  pipe  down  through  the  lamp.  There  is  no  smell  noticeable  as  far  as  I  can 
determine.  I  may  say  that  I  think  the  acetylene  gas  system  will  compare  very 
favourably  with  any  record  made  by  the  oil  gas  system. 

Mr.  R.  Fane-de-Salis,  North  Staffordshire  Railway,  Great  Britain.  —  I  should  like 
to  mention  a  method  of  generating  acetylene  gas  with  which  possibly  some  of  you 
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gentlemen  here  may  have  had  more  practical  acquaintance,  and  which  gels  over,  or 
promises  to  get  over,  the  difficulty  both  of  freezing  and  of  the  fouling  of  pipes  which 
takes  place  from  the  residual  products  when  water  is  used.  That  is  what  is  called 
the  dry  system  of  acetylene  gas.  The  gas  is  generated  by  the  use  of  bicarbonate  of 
soda  mixed  with  calcium  carbide,  instead  of  using  water.  No  water  is  used  at  all. 
I  do  not  think  that  system  has  been  tried  in  a  train  as  yet,  but  it  has  been  in  a 
station.  We,  on  my  line,  have  lighted  one  station  for  the  last  six  months  with  this 
dry  system,  and  with  very  satisfactory  results.  We  have  had  no  trouble  with  frost, 
and  our  engineer  reports  that  there  is  no  trouble  with  the  pipe  fouling.  I  have  not 
the  exact  figures  of  cost,  but  to  fit  up  a  station  for  twenty  lights  cost  us  £130, 
and  I  believe  the  cost  of  running  is  working  out  at  a  price  equal  to  coal  gas  at  Ss.  6d. 
a  1,000  cubic  feet,  including  interest  on  the  initial  cost  of  the  plant.  The  Great 
Western  Railway  have  also  tried  that  at  one  station.  Possibly  if  any  of  their  repre- 
sentatives are  here  they  could  give  information  about  it ;  but  I  believe  it  is  answering 
very  well.  The  company  that  has  brought  out  this  system  is  I  think  going  to  try  it 
for  train  lighting.  There  seems  no  reason,  as  it  answers  in  the  station,  why  it 
should  not  answer  in  a  train. 

Mr.  Verlant,  Paris-Lyons-Mediterranean  Railways.  (In  French.)  —  The  Paris- 
Lyons-Mediterranean  uses  about  25,000  gas  lamps  to  light  its  carriages.  Formerly 
these  lamps  only  burned  rich  gas  distilled  from  bog-head.  Five  years  ago,  the 
Company  decided  to  improve  its  lighting  by  mixing  20  to  25  per  cent  of  acetylene 
with  this  gas.  This  admixture  has  proved  highly  satisfactory.  At  first,  there  were 
a  few  difficulties  in  purifying  the  acetylene  which  always  contained  a  certain  amount 
of  phosphorus  and  consequently  spoilt  the  reflectors.  But  w^e  have  contrived  to  do 
away  with  this  objection  by  purifying  it  more  thoroughly. 

I  must  confess  that  there  are  other  complications  due  to  the  necessity  of  having 
two  sets  of  works,  one  for  producing  gas  and  the  other  for  the  production  of 
acetylene. 

In  view  of  the  results  obtained  by  the  Eastern  Company  with  incandescent 
mantles,  the  Paris-Lyons-Mediterranean  was  likewise  led  to  try  this  method.  It 
was  thought  that  it  might  be  preferable  to  do  our  lighting  with  rich  gas,  so  as  to 
avoid  the  com|)lication  of  having  two  sets  of  works  and  to  get  the  Welsbach  mantles 
to  last  longer.  For  after  a  few  days  these  get  spoilt  if  acetylene  gas,  not  completely 
purified,  is  used.  It  was  for  these  reasons  that  my  company  decided  to  give  up 
acetylene  with  incandescent  mantles  and  to  resort  to  bog-head  gas  with  Wefsbach 
mantles. 

Mr.  Briste.  (In  French.)  —  I  think  I  can  support  what  Mr.  Verlant  has  just  said. 

A  few  months  ago,  the  Preach  Eastern  Company  decided  to  add  incandescent 
mantles  to  all  its  oil  gas  burners.  After  a  series  of  trials,  chiefly  concerning  the 
burners  and  their  proper  height  in  the  compartments,  concerning  the  installation 
of  the  globes  and  lastly,  the  most  important  point,  on  the  kind  of  supports  provided 
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for  the  mantles  and  on  the  life  of  the  latter,  the  Eastern  Company  came  to  the 
conclusion  that  a  mantle  on  an  upright  burner  might  under  ordinary  condition  last 
an  average  of  forty  days  or  more.  At  the  same  time  as  the  upright  burner,  we  tried 
the  inverted  burner  which  is  being  used  on  a  few  of  the  Western  Company's 
suburban  lines  and  which,  as  regards  the  quality  of  light,  offers  considerable 
advantages.  It  is  to  be  noted  however,  that  with  this  inverted  burner  the  mantle 
lasts  less  long  than  with  the  upright  burner.  The  inverted  burner  possesses, 
besides,  some  fairly  serious  disadvantages.  It  is  rather  difficult  to  keep  the  light 
in  the  cars  sufficiently  brilliant  when  the  mantle  gets  partly  destroyed.  With 
the  upright  burner,  on  the  contrary,  this  disadvantage  does  not  exist.  When  a 
mantle  becomes  detached  from  its  support,  it  is  held  up  in  a  little  cup  which  keeps 
it  above  the  burner  and  this  makes  is  possible  to  keep  up  a  bright  enough  light  in 
the  compartments. 

I  may  further  say  that  the  use  of  upright  incandescent  burners  is  more  economical 
than  using  oil  gas  burners  and  gives  a  few  more  brilliant  light. 

Mr.  Van  Loenen-Martinet,  Dutch  Railways.  —  Mr.  President,  I  can  give  you  some 
information  on  this  question  of  lighting  passenger  carriages  that  may  perhaps  be  of 
some  interest  to  the  gentlemen  here.  The  company  with  which  I  am  connected  has 
been  using  for  some  eight  years  the  Pintsch  oil  gas  lighting,  mixing  that  gas  with 
acetylene  in  the  proportion  of  15  per  cent  of  acetylene  to  85  per  cent  of  oil  gas. 
Some  three  years  ago,  our  gas  plant  had  come  to  its  full  capacity,  and  then  we  had 
to  choose  between  either  building  a  supplemental  plant,  which  would  of  course 
make  the  production  of  gas  per  unit  much  higher,  or  looking  out  for  another  system 
of  lighting.  At  that  moment,  we  did  not  consider  at  all  the  question  of  lighting  by 
pure  acetylene  gas,  because  that  system  was  considered  in  our  country,  and  I  dare 
say  in  Germany  also,  as  altogether  dangerous.  We  have  on  our  lines  two  acetylene 
gas  plants  for  lighting  stations,  and  in  one  of  these  plants,  we  had  two  severe 
explosions,  and  the  most  disagreeable  thing  was  that  the  real  cause  of  those 
explosions  could  not  be  found  out.  I  know  also  that  in  Germany,  at  Slrasburg, 
there  has  been  a  very  severe  explosion,  the  consequence  of  which  was  that  the 
railroads  wore  obliged  by  the  government  to  build  a  new  plant  some  miles  out  of 
the  town.  They  did  not  like  to  do  that,  and  took  up  oil  gas  lighting  with  Welsbach 
lamps.  So  we  three  years  ago  did  not  like  to  lake  up  acetylene  lighting,  and  we 
began  with  the  Stone  electric  light.  We  chose  that  system  because  at  that  moment 
we  considered  the  Stone  electric  lighting  system  as  the  only  one  adopted  by  several 
railroads  in  a  general  way.  Thus  far  we  have  fitted  up  some  10  per  cent  of  our 
carriages  with  the  Stone  system,  and  I  can  say  that  we  are  very  well  satisfied  with  it. 
As  for  comparative  cost,  that  is  always  a  very  difficult  thing.  You  can  reach 
whatever  figure  you  like  in  carriage  lighting.  It  depends  on  the  hours  of  burning 
and  all  that;  but  in  a  general  way,  the  most  positive  fact  we  can  state  is  as  to  the 
yearly  cost  per  carriage,  taken  all  in  all.     Now,  if  we  do  that,   1  can  say  that 
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including  the  maintenance  of  the  batteries,  the  Stone  electric  light  system  is 
perhaps  20  per  cent  more  expensive  than  our  mixed  oil  gas  lighting.  I  can  add 
perhaps  that  the  Stone  system  is  applied  to  carriages  with  250  to  260  candle-power. 

Mr.  Sarre,  German  Government.  (In  German.)  —  As  I  was  not  able  to  prepare  a 
complete  statement  for  this  purpose,  I  will  say  only  a  few  words  improviso.  On  the 
railways  of  Alsace-Lorraine  preferably  mixed  gas,  consisting  of  oil  gas  and 
acetylene  gas,  is  used  for  lighting  passenger  carriages. 

Mr.  Van  Loenen-Martinet  referred  to  an  explosion  that  happened  a  few  years  ago 
in  one  of  our  mixed  gas  works.  That  accident  was  rather  a  serious  one;  unfortu- 
nately one  man  was  killed  by  it.  It  was  the  more  alarming,  as  in  the  whole  depart- 
ment everything  had  been  revised  a  little  while  before  the  explosion,  and  no  neglect 
of  duties  could  be  stated.  This  accident  induced  the  administration  of  the  railways 
of  Alsace-Lorraine  to  try  on  a  greater  scale  incandescent  gas  lamps,  in  order  to 
make  unnecessary  the  production  of  acetylene  gas.  In  the  beginning,  two  burners 
were  put  in  each  lamp,  so  that  if  one  incandescent  mantle  should  fail  at  any  time, 
the  other  is  still  intact.  In  these  burners  the  gas  is  admitted  from  below.  The 
experiments  had  quite  a  satisfactory  result. 

Just  now  we  have  begun  trying  another  arrangement  similar  to  that  of  which 
Mr.  Brisse  of  the  Eastern  Railways  of  France  has  spoken,  that  is  to  say,  the 
incandescent  gas  lamp  with  an  inverted  mantle  of  the  Auer  von  Welsbach-system, 
and  this  has  so  far  given  very  good  results  in  general,  and  in  an  economical  way. 
It  has  been  arranged  in  the  workshops  of  Mr.  Pintsch  at  Furstenwalde  near  Berlin, 
who  is  himself  the  owner  of  the  patent.  An  absolute  and  definitive  judgment 
cannot  be  given  at  present  as  to  the  use  of  this  system;  but  on  account  of  the  results 
already  obtained,  I  propose  a  change  be  made  in  conclusion  A  of  our  report,  by 
inserting  after  the  words  "  mixed  gas  "  the  words  "  incandescent  gas  "  and  omitting 
the  last  clause,  reading  as  follows  :  "  the  last  (electric  lighting),  owing  to  its  many 
advantages,  is  worthy  of  special  attention  and  its  use  should  be  extended  as  much 
as  possible.  "  I  guess  that  is  saying  too  much  about  the  overwhelming  advantages 
of  electric  lighting,  which  are  not  entirely  established  thus  far.  Therefore  I  propose 
that  change. 

Mr.  William  Clow,  Great  Central  Railway,  Great  Britain.  —  Mr.  President,  I  have 
been  connected  with  the  lighting  of  trains  for  the  last  twenty-seven  years,  and  have 
had  nine  years  experience  in  lighting  by  electricity  from  dynamos  fitted  to  an  axle 
of  each  cai-riage,  and  I  have  no  hesitation  in  saying  that  so  far  as  my  experience 
goes  in  England,  electric  lighting  gives  more  general  satisfaction  than  any  other 
system.  On  the  Great  Central  Railway  of  England,  we  have  1,631  cars,  about 
oO  per  cent  of  which  are  fitted  with  electric  light,  40  per  cent  with  gas  and 
10  per  cent  with  oil.  All  the  new  stock  will  be  electrically  lighted  and  the  use  of 
gas  and  oil  will  be  got  rid  of  as  quickly  as  possible.  The  proper  lighting  equipment 
for  an  up-to-date  railway  is,  in  my  opinion,  electricity.  (Ajflause.) 
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Mr.  H.  Tylston  Hodgson,  Midland  Railway,  Great  Britain.  —  I  would  just  make 
two  observations  with  reference  to  the  increase  of  light  in  railway  carriages.  We 
find  on  the  Midland  Railway,  a  constant  demand  for  more  and  more  light,  and 
therefore  we  find  it  very  hard  to  compare  the  expense  of  the  past  with  the  expense 
of  the  present.  I  should  very  much  like  to  know  whether  that  is  the  experience 
generally.  Whether  it  is  the  closer  acquaintance  that  people  have  with  electric 
lighting  that  makes  them  more  urgent  in  their  requirements,  1  cannot  say,  but  we 
have  a  very  strong  demand  for  more  and  stronger  light  in  our  carriages  day  by  day. 
As  one  grows  older,  it  is  a  thing  that  one  has  a  great  deal  of  sympathy  with,  for  one 
finds  that  to  read  at  all  one  wants  more  light,  but  it  is  a  general  demand  from  all 
classes  and  all  ages. 

Another  matter  1  wish  to  mention  is,  that  Mr.  C.  B.  Dudley  in  making  his  remarks 
on  his  paper,  stated  that  one  of  the  points  that  he  thought  would  come  to  the  front 
shortly  would  be  the  application  of  turbines  on  the  locomotives  to  work  the  lighting 
by  electricity.  Some  thirteen  years  ago  on  the  Midland  Railway  we  had  working 
on  the  locomotive  a  "  Brotherhood  "  engine,  a  three-cylinder  engine,  1  think  it 
was,  making  some  700  revolutions  a  minute,  and  that  was  for  working  the 
electric  light.  It  was  kept  up  in  various  forms  for  six  or  seven  years,  but  at  that 
time  there  was  difficulty  about  the  electric  lighting  and  it  was  abandoned.  Of 
course,  since  that  time  things  have  gone  forward  a  great  deal;  but  I  thought  it 
would  be  interesting  just  to  mention  this  fact.  {Applause,) 

Mr.  L.  Rouet  de  Journel,  Madrid-Saragossa- Alicante  Railway.  (In  French.)  — 
Gentlemen,  I  think  the  reporter  has  framed  his  conclusions  well  in  that  it  is  impos- 
sible, or  anyway  extremely  difficult,  to  prove  that  any  one  method  of  lighting  is 
better  than  another.  Electric  lighting  is  really  not  very  costly  for  maintenance, 
while  gas  is  dearer  and  cheaper  according  to  the  different  districts  in  which  it  is 
produced. 

On  the  other  hand,  obviously  electric  light  may  in  certain  cases  show  large 
differences  in  the  matter  of  expense.  The  English  companies,  for  instance, 
have  used  electricity  extensively  and  consequently  the  net  cost  should  be  lower 
in  their  case  than  it  is  for  companies  who  have  only  tested  this  method  of 
lighting. 

For  two  years  my  company  has  been  trying  a  method  of  electric  lighting  with 
accumulators  on  twenty-three  bogie-carriages  and  it  has  proved  successful.  The 
net  cost  per  1,000  candles  and  per  hour  is  about  1*55  franc  (is.  3d.),  40  per  cent 
being  for  depreciation  and  interest,  20  per  cent  for  labour,  15  per  cent  tor  upkeep 
of  the  dynamo,  11  per  cent  for  upkeep  of  accumulators,  7  per  cent  for  maintenance 
of  belts  and  7  per  cent  for  renewal  of  lamps.  During  the  two  years  the  light  has 
only  failed  eight  times  owing  to  slipping  of  the  belt.  The  illuminating  power  in 
€ach  car  is  about  190  candles,  i.  e.,  19  lamps  of  10  candle-power  each.  This  is  pro- 
bably lower  than  with  a  Welsbach  mantle,  but  the  light  makes  reading  in  the  train 
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possible.  It  is  generally  allowed  that  4  or  5  candle-power  is  enou|h  and  ours  is 
considerably  above  this. 

In  order  to  avoid  the  results  of  a  belt  slipping,  we  have  tried  to  couple  the  dif- 
ferent cars  together,  i.  e.,  though  there  is  a  dynamo  and  an  accumulator  to  each 
car,  we  have  arranged  for  a  movable  connection  between  the  cars. 

On  the  other  hand,  the  system  adopted  by  my  company  depends  upon  a  system 
that  differs  from  the  English  system.  For  the  latter  is  based  upon  the  slipping  of 
the  belts,  whereas  ours  depends  upon  breaking  contact,  a  method  that  at  first  sight 
appears  quite  reasonable;  the  governor  is  much  simplified  and  improved  by  depen- 
dence upon  electricity  for  its  action.  In  the  Stone  system,  the  dynamo  gets  into 
circuit  at  a  moment  previously  determined  by  the  speed,  whereas  with  the  Vicarino 
system  the  circuit  is  only  made  when  the  voltage  is  reached. 

The  subject  of  contacts,  which  has  always  been  a  very  delicate  question  with  a 
system  more  or  less  left  to  itself,  is  likewise  very  simple  because  we  really  have  only 
four  contacts.  If  the  problem  of  electric  lighting  is  to  be  completely  solved,  it 
will,  I  think,  be  necessary  to  invent  an  appliance  to  stop  accumulators  getting 
further  charged  when  once  the  proper  voltage  is  reached.  The  various  appliances 
already  invented  to  limit  the  charge  are  unsatisfactory,  because  their  action  depends 
upon  raising  the  voltage  of  the  batteries,  which  ought  to  be  prevented.  It  would 
be  well  if  some  appliance  could  be  invented  which  would  render  it  possible  to 
lower  the  voltage  of  the  dynamo  considerably,  once  the  batteries  are  fully  charged. 

Mr.  Ch.  Jenny,  South  Austrian  Railways.  (In  English  and  in  French.)  —  On  the 
Austrian  railways  we  have  steep  gradients,  many  curves  and  frequent  tunnels.  It  is 
therefore  no  matter  of  surprise  that  we  are  deeply  interested  in  procuring  a  system 
of  lighting  that  can  be  shut  on  and  off  as  may  be  requisite. 

Trains  leaving  Innsbruck,  for  instance,  have  to  be  lit  throughout  from  the  time 
they  leave,  owing  to  the  number  of  tunnels  through  which  they  have  to  pass. 
Moreover,  the  through  trains,  which  are  lit  with  gas,  never  stop  long  enough  to  put 
out  the  light  and  so  we  have  to  let  their  lamps  burn  till  Bozen  is  reached.  This 
involves  considerable  expense. 

It  would  be  an  immense  advantage  if  we  could  light  the  train  with  electricity. 
The  conductor  could  then  turn  on  the  light  just  before  reaching  a  tunnel  and  turn 
it  off  when  the  train  had  got  through. 

We  have  studied  the  subject  and  we  are  convinced  that  the  slightly  higher  cost  of 
electric  lighting  would  be  largely  counterbalanced  by  the  saving  effected  if  the  train 
were  only  lit  up  when  required,  provided  always  that  the  electric  light  does  not  fail 
and  does  not  involve  difficulties  in  shunting  the  through  cars  of  which  there  are  a 
great  many  on  international  routes. 

This  is  why  the  Southern  of  Austrian  Railway  Company  does  not  yet  use  elec- 
tricity for  lighting  its  cars  and  has  so  far  confined  itself  to  gas  lighting  with  Pintsch 
lamps. 

V.  XI  99 
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Mr.  Karl  Steinbiss,  German  Government.  —  Mr.  President  and  Gentlemen,  I  find 
in  iMr.  Dudley's  report,  this  statement : 

Considerable  experimental  work  has  been  done  and  is  now  in  progress,  towards  developing  a 
steam  tubine  electric  generator,  the  plan  being  to  place  this  generator  on  the  locomotive,  and  fit 
each  car  with  a  storage  battery  sufficient  to  act  as  an  equalizer  and  for  the  intervals  when  the 
locomotive  is  detached  or  unavailable  as  has  already  been  described. 

Gentlemen,  we  have  used  this  system  three  years  ago  on  the  Hamburg-Berlin  line, 
and  we  have  found  that  it  gave  good  results.  But  there  is  a  difficulty.  At  first,  the 
steam  turbine  demands  much  more  steam  than  was  calculated,  and  so  it  was  some- 
what dearer.  Then  the  attention  of  the  engine  people  is  divided  by  watching  the 
electrical  apparatus  on  the  locomotive.  There  you  have  the  turbine  and  also  the 
electrical  apparatus,  and  we  find  that  the  engine  people  are  led  off  from  the  observa- 
tion of  the  track,  etc.  So  we  are  now  giving  up  this  system,  and  we  have  experi- 
mented in  the  last  year  with  another  system,  which  I  will  show  you.  There  is  the 
armature  of  the  dynamo  (showing  a  photograph)  which  is  fixed  upon  the  axle  of  the 
luggage  van  in  this  manner,  and  the  poles  are  fixed  like  that  (sAott^in^  another  photo- 
graph) the  pole*s  supports  being  fixed  on  the  frames  of  the  trucks.  The  dynamo 
produced  a  current  of  200  amperes  with  a  tension  of  72  volts  and  sufticed  to  illu- 
minate a  train  of  seven  cars,  each  of  which  was  provided  with  two  storage  batteries 
of  32  volts  each  (64  volts  in  all).  We  have  got  good  results  with  this  system,  and  it 
is  in  use  on  the  Berlin  and  Frankfort  and  other  trains  and  will  be  in  use  on  the 
Berlin-Hamburg  trains.  We  hope  that  we  can  use  it  more  and  that  we  can  get 
better  results  and  produce  electricity  for  car  lighting  cheaper  than  with  the  steam 
turbine  electric  generator.  This  is  the  system  of  Mr.  Wittfcld,  and  is  introduced  by 
the  Allgemeine  Electricitnts-Gesellschaft  of  Berlin,  and  the  electrical  part  of  this 
apparatus  especially  is  made  by  Dr.  Rosenberg.  I  may  say  that  Mr.  Rosenberg  has 
brought  out  a  new  invention.  At  first  it  was  necessary  for  the  car  attendant  to 
turn  the  current  shifter  when  the  train  turned,  but  now  Mr.  Rosenberg  has  found 
a  way  in  the  construction  of  this  electric  machine  by  which  the  car  attendant  has 
nothing  to  do  with  it.  At  first  he  handles  the  apparatus  that  gives  the  current,  but 
thereafter  he  has  nothing  more  to  do  with  it.  The  circulation  of  the  current  is 
made  by  the  machine  itself.  It  is  automatic  in  all  respects;  but  the  machine  gives 
direct  current  to  the  lamps  when  trains  are  running,  and  if  the  train  stops  the 
storage  batteries  are  used. 

Mr.  Panl-Dubois,  Orleans  Railway,  France.  (In  French.)  —  Besides  various 
other  systems  of  electric  lighting  with  accumulators,  the  Orleans  Company  has 
equipped  about  loO  carriages  with  the  Stone  system  of  lighting.  This  has 
proved  highly  satisfactory  and  the  company  is  now  fitting  new  carriages  with  this 
system. 

Wc  have  also  tried  on  some  of  the  Paris  suburban  trains  what  is  called  the  collec- 
tive electric  light. 
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The  capital  cost  is  lower  than  with  the  individual  system  because  the  number  of 
parts  liable  to  wear  and  tear  are  fewer. 

Moreover,  as  these  suburban  lines  are  a  good  deal  in  tunnel,  this  method  of 
lighting  is  considerably  cheaper  because  the  light  can  be  turned  on  and  off  at  will. 

The  Orleans  Company  is  now  planning  to  extend  this  system  of  lighting  to  most  of 
its  suburban  rolling-stock. 

Mr.  Boell,  French  State  Railways.  (In  French.)  —  For  the  last  seven  or  eight  years 
we  likewise  have  been  using  electric  lighting  on  some  of  our  passenger  cars  on  the 
French  State  Railways.  We  first  tried  accumulators  situated  under  the  carriages; 
they  were  exchanged  at  certain  stations  and  recharged. 

We  soon  had  to  give  up  this  method  because  conveying  the  accumulators  on 
trucks  put  them  out  of  order  too  quickly  and  we  then  decided  to  use  the  Vicarino 
system,  which  has  just  been  mentioned,  on  all  our  heavy  cars. 

We  were  the  first  in  France  to  use  this  system.  At  first,  we  had  no  small  amount 
of  trouble  but  after  a  year's  groping,  we  attained  the  most  successful  results.  We 
had  plenty  of  break-downs  owing  to  the  staff  being  too  inexperienced  with  electrical 
fittings,  but  from  the  time  that  we  have  been  able  to  provide  an  electrician  at  each 
centre,  all  our  troubles  disappeared,  so  that  now  we  are  gradually  extenditig  the 
system  to  all  new  stock. 

On  lines  with  tunnels,  gas  was  rather  expensive  because  on  some  lines  there  was 
no  station  at  which  we  could  stop  to  extinguish  or  relight  the  lamps.  It  would 
therefore  have  been  necessary  to  let  the  lamps  burn  much  too  long,  and  to  avoid  this 
expense  we  have  put  in  either  a  Vicarino  dynamo  on  each  car,  or  on  some  trains 
that  only  need  to  be  lighted  for  a  very  short  time,  a  single  dynamo  under  the  van 
with  hose  pipes  from  vehicle  to  vehicle. 

In  the  old  carriages  we  have  for  a  long  time  been  using  rich  gas.  Some  time  ago, 
after  some  experiments  carried  out  by  the  Eastern  and  Western  Companies,  we 
likewise  tried  lighting  with  incandescent  mantles,  with  an  upright  burner,  and 
with  an  inverted  burner,  and  we  found  the  upright  burner  gave  the  better  result 
from  the  standpoint  of  the  life  of  the  mantle. 

The  inverted  burner  gives  a  pleasanter  light  in  that  it  casts  no  shadow;  but  this 
method  involves  more  care  and  consequently  we  have  decided  to  instal  incandescent 
light  in  place  of  all  the  older  lighting,  except  in  the  case  of  new  carriages  which  we 
equip  with  electric  light. 

The  President.  (In  French.)  —  It  is  so  late  that  we  must  adjourn  the  meeting. 
We  shall  resume  at  2  o'clock  and  we  shall  then  have  to  take  up  ventilation  and 
heating. 
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Meeting  held  on  May  8,  1905  (afternoon). 

Mr.  G.  A.  Anderson,  Indian  Government.  —  One  of  the  speakers  this  morning  said 
that  he  regarded  the  electric  light  as  the  ideal  one  for  train  lighting.  If  that  was  sa 
in  the  West,  it  would  I  think  be  generally  conceded  that  the  case  for  electric  light- 
ing was  even  stronger  for  Eastern  countries,  such  as  India,  where  any  access 
of  heat  was  a  very  important  consideration.  Electric  lighting  not  only  has  the 
advantage  of  coolness,  but  it  also  enables  the  employment  of  fans  and  thus  greatly 
reduces  the  discomfort  of  travelling  in  the  hot  season. 

On  the  main  broad  gauge  lines  of  India,  the  percentage  of  coaches  fitted  with 
either  gas  or  electricity  is  about  82.  On  the  "  Bombay,  Baroda  &  Central  India  ** 
and  "  Great  India  Peninsular  "  systems  terminating  at  Bombay  and  aggregating 
considerably  over  3,000  miles,  the  percentage  is  95.  On  four  of  the  larger  metre 
gauge  systems,  the  percentage  of  coaches  fitted  with  either  gas  or  electricity  is 
about  80.  The  tendency  on  the  Western  Railways,  at  any  rate,  is  to  abandon  gas  for 
electricity,  leaving  the  gas  lighting  to  die  out  on  the  less  important  services;  a 
tendency  encouraged  by  the  fact  that  much  of  the  original  gas  plant  is  falling  in  for 
somewhat  extensive  renewal  and  reconstruction. 

The  systems  of  electric  lighting  which  have  come  under  my  notice,  are  as 
follows  : 

1°  The  collective  system  (with  a  dynamo  at  each  end  of  the  train).  —  This  was 
adopted  some  eight  years  ago  on  the  Jodhpore  Bickaneer  Railway,  and  has  been 
found  suitable  for  the  conditions  of  this  desert  line  of  460  miles  with  few  and  regular 
trains  running  from  point  to  point  without  branches; 

2*>  The  accumulator  or  storage  battery  system.  —  This  has  been  installed  on  the 
mail  trains  of  the  metre  gauge  Rajputana  Malwa  Railway  system,  1,630  miles  in 
length.  At  the  outset,  the  administration  were  warned  to  anticipate  excessive  cost 
by  the  use  of  this  system,  due  to  the  heavy  renewal  of  batteries  that  would  be 
required,  but  by  taking  care  not  to  run  down  the  batteries,  it  has  worked  satisfac- 
torily enough  for  more  than  four  years,  at  an  estimated  cost  of  about  90  per  cent  that 
of  gas  lighting. 

This  system  was  adopted  as  probably  the  most  suitable  to  a  service  involving 
frequent  cutting  off  for  branches,  and  a  considerable  demand  for  lights  in  coaches 
standing  in  sidings.  It  is  now  being  extended  to  all  passenger  trains,  and  to  the 
station  platform  lighting  at  the  charging  depots  of  which  there  are  half  a  dozen. 
The  transfer  of  batteries  causes  no  trouble  or  inconvenience ; 

3°  The  Stone  system.  —  Has  not  been  quite  successful  so  far,  owing  principally,  it 
seemed  to  the  failure  to  allow  and  provide  for  the  varying  speeds  and  grades,  which 
are  so  common  a  feature  on  Indian  railways.  Messrs.  Stone's  agent  has  recently 
visited  India,  and  has  ascertained  satisfactorily  to  himself,  I  understand,  the  defects 


Digitized  by 


Google 


—  1449  — 

and  how  to  remedy  them,  and  under  the  expert  advice  which  has  hitherto  not  been 
generally  available  when  required,  I  have  little  doubt  that  a  satisfactory  solution  by 
differentiation  of  the  speed  of  the  dynamo  when  running  and  by  the  addition  of 
assisting  batteries,  will  soon  be  reached.  A  system  of  this  kind  is  favoured  by  the 
Main  Western  Railways,  and  has  been  tested  on  certain  special  service  trains,  and  it 
is  hoped  will  soon  be  extended  to  the  principal  long  runs  in  connection  with  the 
English  mail  steamers,  such  as  the  Panjab  Mail  Bombay  to  Delhi  and  the  Cross 
Peninsular  run,  Bombay  to  Calcutta,  each  over  1,200  miles  in  length. 

Mr.  da  Silva  Freire,  Brazil  Central  Railway.  (In  English  and  in  French.)  —  I  ask 
Mr.  Verlanl,  who  this  morning  gave  information  about  the  lighting  service  on  his 
railway  —  I  should  like  to  have  some  detailed  information  about  the  mixed  gas 
apparatus.  In  Brazil,  for  a  long  time  we  used  the  Pintsch  system.  We  were  quite 
satisfied  with  it,  but  we  thought  of  improving  the  service  a  little  and  we  tried  to  do 
something  similar  to  what  Mr.  Verlant  has  done  on  the  Paris-Lyons-Mediterranean 
Company.  We  had  some  trouble,  for  the  pipes  got  choked.  We  wjjpted  draught 
and  we  were  obliged  to  stop.  As  we  intented  to  have  something  new,  we  should  be 
very  glad  if  Mr.  Verlant  will  tell  us  if  they  made  any  changes  in  the  disposition  of  the 
light.  At  Rio  de  Janeiro,  we  have  a  heavy  passenger  service  on  our  suburban  lines, 
nearly  iO  million  passengers  a  year  —  we  wanted  to  have  a  better  service  of  light- 
ing and  introduced  the  Stone  system,  with  a  good  result.  We  have  a  great  many 
stations,  and  we  have  not  had  any  trouble  with  this  system,  despite  the  numerous 
stop5,  but  we  are  not  going  to  extend  its  use,  as  we  think  it  is  too  expensive  for  our 
country  lines.  Our  lines  run  1,200  kilometres  (74o  miles)  into  the  country.  On 
some  of  the  Brazilian  St.  Paul  railways,  they  introduced  the  Stone  system  ten  years 
ago  and  are  very  highly  satisfied  with  it.    The  service  is  very  good. 

I  should  like  to  ask  a  question  about  the  admixture  of  acetylene  with  gas.  We 
wanted  to  try  this  system,  but  it  has  not  been  a  great  success.  Has  not  this  lack  of 
success  been  due  to  the  diameter  of  the  Pintsch  gas  pipes  used  being  too  small  for 
the  mixed  gas?  On  the  Central  Railway  of  Brazil,  Pintsch  gas  is  used  but  on  sub- 
urban lines,  and  on  the  express  trains  between  our  large  towns  the  public  is 
beginning  to  demand  a  better  light.  Though  our  trials  of  the  Stone  system  have 
proved  successful,  we  do  not  intend  to  continue  in  that  direction,  because  its  cost  is 
too  high. 

The  President.  —  If  Mr.  Verlant  is  here  we  should  like  to  hear  him  answer  Mr.  da 
Silva  Freire's  question.  If  not,  we  will  now  broaden  this  discussion  and  take  in  the 
part  of  the  reports  which  deal  with  heating  and  ventilation. 

We  would  like  to  hear  from  Mr.  Crawford,  of  the  Pennsylvania  lines  West  of 
Pittsburgh. 

Mr.  D.  F.  Crawford,  Pennsylvania  lines  West  of  Pittsburgh.  —  Our  experience  West 
of  Pittsburgh  follows  very  closely  the  work  of  the  lines  East  of  Pittsburgh,  as  many 
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of  our  trains  run  through  from  New  York  to  Chicago,  and  New  York  to  St.  Louis,, 
and  go  over  both  lines.  We  are  heating  all  of  our  trains  by  steam  from  the  loco- 
motives. The  Pullman  cars  have  Baker  heaters,  so  arranged  that  they  can  be 
operated  independently  of  our  steam  heating  system,  or  operated  with  it.  The 
Pennsylvania  lines.  East  and  West  of  Pittsburgh,  have  experimented  with  the  low 
pressure  return  system  of  steam  heating,  but  had  so  many  difficulties  with  it  that 
the  simpler  system  with  the  direct  pipes  has  been  practically  adopted  as  standard. 
The  principal  diflSculty  we  have  had  with  the  system  has  been  to  obtain  a  satisfactory 
hose  coupling.  During  the  past  winter,  we  succeeded  in  obtaining  a  coupling  which 
has  remained  tight  and  holds  the  steam  pressure  well,  and  we  feel  that  our  trouble 
from  that  cause  is  overcome. 

We  have  about  four  hundred  coaches  on  the  lines  West  of  Pittsburgh,  some  two 
hundred  of  which  are  provided  with  our  ventilating  system.  It  has  been  satis- 
factory in  every  way.  I  personally  made  some  investigations  regarding  the  system 
and  found,  as  outlined  in  Dr.  Dudley's  paper,  that  the  air  currents  work  out  as  wo 
expected  them  to;  in  fact,  I  was  rather  surprised  that  they  worked  out  so  well  as  to 
the  velocity  of  air  obtained,  and  amount  of  air  used.  About  the  greatest  difficulty 
we  have  with  our  steam  heating  system  at  the  present  time,  is  the  regulation  of  the 
temperature.  Our  cars  are  almost  uniformly  too  hot.  The  regulation,  at  the  pre- 
sent time,  depends  entirely  on  the  trainmen  and  their  manual  manipulation  of  the 
ventilators.  As  we  know,  we  cannot  always  rely  upon  them  to  give  the  matter  all 
the  attention  it  should  have.  We  have  made  some  experiments  with  automatic 
regulators  —  thermostats  —  but  while  several  trains,  probably  twenty  cars,  are 
equipped  with  such  devices,  none  of  them  has  yet  proven  sufficiently  satisfactory 
for  us  to  consider  them  as  standard. 

Mr.  W.  E.  Fowler.  —  Representing  a  company  which  has  for  the  greater  part  of 
its  territory  a  country  which  has  extremely  low  temperature  at  times,  1  am 
interested  in  some  features  of  this  subject,  which  perhaps  have  not  yet  been  pre- 
sented. I  infer  from  reading  Mr.  Dudley's  paper  that  he  thinks  that  the  dire(^t 
sleam  system  is  the  ideal  one.  I  agree  with  him  on  most  counts,  but  I  think  there 
was  some  reference  made  this  morning  to  the  fact  that  no  sleeping  cars  have  been 
equipped  with  this  system.  I  would  ask  why?  My  idea  is  that  the  Pullman  Com- 
pany, or  any  other  company  which  has  a  large  number  of  cars,  finished  on  the 
inside  with  veneers  of  any  kind,  would  object  to  the  fluctuations  in  temperature 
which  a  car  heated  with  direct  steam  must  be  subjected  to;  that  is,  a  car  which, 
during  the  day  is  heated  to  a  temperature  of  70  or  over,  if  heated  by  direct  steam, 
would  have  the  steam  cut  off  entirely,  and  in  our  climate  that  would  mean  that  the 
temperature  on  the  inside  of  the  car  when  the  car  was  uncoupled  at  night,  would 
go  down  possibly  to  40<^  below  zero.  That  would  be  very  detrimental  to  the  veneers 
and  varnish  on  the  inside  of  the  car.  I  should  like  to  hear  from  some  of  the  other 
delegates  as  to  their  experience.     While  I  am  in  favour  of  direct  steam  heating  as 
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being  most  economical  and  satisfactory  on  general  principles,  there  are  some 
features  of  climate  and  operation  which  do  not  seem  to  admit  of  the  direct  steam 
system. 

Mr.  D.  F.  Crawford.  —  The  majority  of  Pullman  cars  which  I  have  examined 
have  the  Baker'heater  system,  with  water  circulating  in  the  pipes  and  then  a  jacket 
to  which  the  steam  is  supplied,  which  secures  a  continuous  water-circulation. 
Others  have  a  commingler  system,  where  the  steam  heats  the  water  in  the  Baker 
heater  pipes.  I  do  not  know  of  any  Pullman  cars  having  direct  radiators  such  as 
are  used  in  the  ordinary  coaches. 

Mr.  W.  E.  Fowler.  —  I  do  not  think  1  made  myself  clear.  By  the  expression 
direct  steam  heat,  I  meant  the  system  Mr.  Crawford  referred  to,  of  direct  radiation, 
the  carrying  of  the  steam  into  the  heater  pipes  in  the  car,  and  not  that  of  using  the 
steam  to  heat  the  water  in  the  pipes.  That  system  which  does  not  include  the  use 
of  water  in  the  pipes,  is  the  one  which  is  coming  rapidly  to  the  front  as  being  very 
convenient  in  more  ways  than  one.  Although  our  company  does  not  use  it  now, 
I  consider  it  one  of  the  best  methods  of  heating  cars.  The  steam  is  taken  into  the 
train  pipe,  it  goes  up  into  the  car  and  circulates  through  two  series  of  pipes  (more 
or  less,  according  to  the  climate),  and  the  condensation  will  be  carried  out  through 
the  drip  pipe,  under  the  cars.  That  is  the  system  I  mentioned  as  being  unsuited  to 
cars  which  were  finished  with  veneers,  as  we  find  that  system  of  heating  is  unsuit- 
able for  cars  that  are  veneered. 

Mr.  Brisse.  (In  French.)  —  The  Eastern  Company  has  investigated  and  has  for 
many  years  past  tried  a  system  of  heating  that  might  be  classified  as  mixed  :  for 
heating  it  involves  the  use  of  steam  taken  from  the  engine  and  as  a  dynamic  force 
the  compressed  air  supply  by  the  locomotive's  air  pump. 

The  use  of  a  mixture  of  compressed  air  and  steam  was  suggested  by  Mr.  Lan- 
crenon,  assistant  chief  engineer  in  our  locomotive  and  rolling  stock  department,  to 
meet  the  requirements  of  heating  trains  of  great  length.  Steam  heating  alone, 
used  on  various  railways  in  Europe  and  especially  on  the  Swiss  and  German  lines, 
caused  various  inconveniences  when  the  length  of  trains  exceeded  certain  limits. 
At  one  time  in  France,  it  became  necessary  to  heat  suburban  trains  throughout; 
these  trains  had  seating  capacity  for  1,200  or  4,400  and  their  length  was  consi- 
derable. It  was  therefore  necessary,  and  even  absolutely  indispensable,  to  find  some 
method  of  heating  that  could  be  applied  to  trains  with  the  maximum  number  of 
cars  allowed  on  French  trains,  that  is  to  say  twenty-four  four-wheeled  carriages. 

For  this  purpose,  we  first  tried  using  a  mixture  of  compressed  air  and  steam  on 
these  trains  of  great  length  and  then  gradually  and  quite  recently  it  has  been 
extended  to  all  the  trains  throughout  the  French  Eastern  Railway's  system. 

The  main  advantage  of  the  compressed  air  method,  is  that  the  heating  medium 
can  be  conveyed  through  a  pipe  of  small  enough  calibre.     Secondly  it  was  possible 
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to  use  a  method  of  heating,  preferred  by  the  public  in  France,  namely  one  that 
entered  below  the  feet.  For  a  long  time,  French  passengers  had  been  accustomed 
to  heating  by  tins  and  it  seemed  well  to  continue  this  method,  in  conjunction 
moreover,  as  we  have  done,  with  heating  by  radiation  either  through  pipes  with 
perforated  cases,  situated  under  the  seats,  or  even  through  cased  pipes  with  smaller 
openings  for  vehicles  which  had  no  side  doors. 

Our  experience  on  the  Eastern  Railway  has  proved  that  this  method  can  be  used 
on  trains  of  great  length.  The  improvements  invented  by  Mr.  Lancrenon  have 
further  enabled  us  to  combine,  on  some  of  our  trains  which  are  made  up  with 
carriages  intended  for  international  traflic,  and  which  have  to  be  heated  on  the 
German  lines  by  steam  alone,  and  on  the  French  lines  by  a  mixture  of  steam  and 
compressed  air,  pipes  whose  calibre  is  sufficient  to  admit  of  the  use  of  either  the 
steam  alone  or  of  a  mixture  of  steam  and  compressed  air. 

In  addition,  the  use  of  compressed  air  has  enabled  us  to  ensure  regularity  and 
safety,  during  time  of  frost,  in  clearing  out  the  pipes. 

Originally  objections  might  have  been  raised  against  this  method,  because  only  a 
moderate  amount  of  heat  could  be  supplied  in  the  compartments,  but  since  the 
recent  improvements,  we  have  found  it  possible  to  extend  this  method  of  heating  to 
international  trains  of  great  length  and  even  with  night  temperatures  falling  as  low 
as  — l^^  C.  (S^  Fahr.)  we  have  been  able  to  get  an  average  temperature  of  20®  C. 
( — 4**  Fahr.)  in  the  compartments  on  a  train  consisting  of  sixteen  to  eighteen  four- 
wheeled  coaches  or  eight  to  ten  eight-wheeled  coaches.  And  yet  the  consumption 
of  fuel  was  not  excessive,  nor  did  the  driver  experience  any  serious  difficulty  in 
ensuring  the  heating  of  so  long  a  train. 

Unfortunately,  I  can  give  you  no  actual  details  about  the  fittings  themselves,  but  I 
think  these  would  be  superfluous  as  the  installation  is  well  enough  known. 

Mr.  H.  Tylston  Hodgson.  —  I  do  not  see  any  English  locomotive  engineers  here 
this  afternoon.  Therefore,  although  I  am  not  a  technical  engineer  in  any  way  myself, 
I  should  not  like  this  discussion  to  pass  without  drawing  attention  to  one  or  two  of 
the  points  which  are  difficult  to  us,  and  which  may  not  be  so  to  others.  Our 
journeys  are  not  so  long  as  those  of  many  other  countries.  The  cold  and  heat  in 
England  is  not  so  severe,  and  consequently  travelling  with  or  without  heat  is  not 
perhaps  such  a  matter  of  life  and  death,  but  it  is  a  matter  of  comfort  or  discomfort. 
\Ve  have  kept  up  the  controversy  about  continuous  heating  and  the  use  of  the  old 
fashioned  foot  warmers  year  by  year,  and  to-day  there  is  no  great  consensus  of 
opinion.  We  are  to-day  using  both  the  continuous  heating  and  the  foot  warmers  in 
England.  We  have  a  large  number  of  carriages  of  small  length,  with  side  doors. 
We  have  others  corridor  carriages,  with  end  doors,  and  of  very  considerable  length. 
In  the  case  of  the  small  carriages  with  side  doors  the  old  foot  warmer  to-day  to  many 
gives  more  satisfaction  than  the  continuous  heating.  In  the  case  of  the  long 
carriages,  which  have  been  introduced  more  and  more  of  late  years,  satisfactory 
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heating  by  the  use  of  foot  warmers  becomes  more  and  more  ditficult.  One  of  the 
difficulties  we  have  had,  also,  is  that  our  climate  is  so  variable,  if  it  can  be  called  a 
climate  at  all.  I  am  truly  patriotic,  but  I  uiust  say  that  it  seems  to  me  our  climate 
is  composed  of  bits  of  climate  from  everywhere,  from  all  over  the  world,  and  day  by 
day  we  have  changes  in  the  atmospheric  conditions,  and  in  the  temperature,  which 
we  can  never  foresee.  If  we  make  elaborate  preparations  for  great  heat  to-day,  we 
shall  surely  get  great  cold  to-morrow.  Therefore,  the  difficulties  of  those  countries 
which  get  continuous  spells  of  severe  weather,  are  not  known  to  us.  There  has 
been  considerable  controversy  as  to  whether  the  main  pipe  carrying  the  steam  from 
the  locomotive  throughout  the  train  should  be  put  through  the  carriages  or  taken 
outside.  Some  of  the  locomotive  authorities  have  objected  to  taking  it  outside 
saying  that  this  adds  to  the  consumption  of  the  steam  as  it  no  doubt  does.  On  the 
other  hand,  if  it  is  taken  into  the  carriages,  it  cannot  be  completely  cut  off*  from  any 
one  compartment,  as  it  is  often  desired  should  be  done.  Therefore,  there  is  a  variety 
of  practice  and  many  carriages  are  made  with  the  conduit  passing  the  steam  right 
through  the  compartments,  and  that  part  of  the  heating  cannot  be  cut  off',  and  we 
have  radiators  for  the  additional  warmth  of  compartments,  and  that  part  can  be  cut 
off".  That  is  a  controversy  which  is  still  going  on  in  England.  I  do  not  know  that 
there  are  any  other  points  in  which  we  differ  from  your  practice.  Had  there  been 
some  technical  speaker  who  could  have  explained  these  matters,  I  should  have  been 
thankful,  but  I  did  not  want  to  have  this  subject  passed  by  without  something  being 
said  about  the  practice  in  England. 

Mr.  Hodeige,  Belgian  State  Railways.  (In  French.)  —  We  still  use  hot  water  tins 
on  the  Belgian  State  Railways.  But,  for  some  time  we  have  been  trying  heating  by 
steam  taken  from  the  engine  and  we  have  found  this  method  fairly  satisfactory. 

We  have  also  tried  the  Lancrenon  system ;  but  as  our  experiments  are  still  going 
on,  I  cannot  yet  tell  you  with  what  results. 

Mr.  A.  E.  Mitchell,  Lehigh  Valley  Railroad,  United  States.  —  On  the  Lehigh  Valley 
Railroad,  we  have  practically  direct  steam  heating  on  all  of  our  cars.  We  have  also 
stationary  plants  where  we  can  heat  all  cars  cut  off  at  terminal  points.  This  avoids 
the  necessity  of  utilizing  the  Baker  heaters  or  the  water  circulating  system  in  order 
to  maintain  the  heat  in  our  cars.  We  have  132  cars  now  equipped  with  the  Baker 
heater  system,  and  we  have  found  that  we  have  never  had  to  build  a  fire  in  these 
heaters  for  something  over  two  or  three  years,  and  I  am  now  taking  out  the  Baker 
heaters  from  those  cars,  and  introducing  one  extra  seat  in  the  space  which  the  Baker 
heater  formerly  occupied.  In  other  respects,  our  practice  is  substantially  the  same 
as  on  the  rest  of  the  roads  of  this  country. 

It  may  be  interesting,  however,  for  some  of  the  delegates,  to  understand  what  the 
American  practice  is.  Some  three  or  four  years  ago,  almost  all  of  the  train  line 
steam  pipes  under  our  passenger  cars  were  located  beneath  the  floor,  thoroughly 
insulated,  some  being  placed  below  the  sills  and  others  between  sills.    About  three 
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or  four  years  ago,  a  committee  was  appointed  by  the  Master  Car  Builders'  Association 
to  investigate  whether  or  not  an  1  ^I^Anch  train  line  was  sufficient  in  size  to  give  us 
the  proper  amount  of  steam  at  the  rear  of  a  long  train.  Experiments  were  carried 
out  by  this  committee,  with  the  result  that  the  committee  recommended  to  the  Master 
Car  Builders'  Association  that  a  S-inch  train  line  be  substituted  for  the  1  ^/^-inch 
pipe.  Some  of  the  railroads,  especially  the  Vanderbilt  lines,  have  introduced  the 
2-inch  train  line  pipe  very  largely,  and  the  only  objection  which  has  been  found 
to  the  enlarged  pipe  system  has  been  the  enlarged  hose,  and  the  larger  couplings, 
and  the  greater  difficulty  in  coupling  and  uncoupling  same.  1  understand  that  the 
roads  which  have  introduced  the  2-inch  steam  train  line  pipe  have  in  many  cases 
put  in  reducers  at  the  ends  of  the  pipes  and  use  the  usual  1  Vz-inch  steam  coupling. 

Mr.  W.  E.  Fowler.  —  1  wish  to  say  a  few  words  supplemental  to  what  Mr.  Mitchell 
has  said  in  regard  to  the  2-inch  train  line.  There  are  two  trunk  lines,  other  than 
the  Canadian  Pacific  which  have  practically  adopted  the  2-inch  train  line  with  the 
large  hose  and  coupler.  We  made  a  test  of  the  2-inch  train  line,  with  the  large 
hose  and  coupler  in  March,  1904,  and  the  results  obtained  then  were  so  attractive 
that  in  the  fall  of  last  year  the  management  concluded  to  equip  the  whole  of  the 
passenger  cars  with  the  large  hose  and  coupler;  and  I  merely  wanted  to  say  that  in 
our  climate,  where  we  have  temperature  along  the  north  shores  of  Lake  Superior  and 
the  plains  of  the  Northwest,  from  50  to  60^  Fahr.  below  zero,  it  is  the  only  system  vve 
have  found  which  would  enable  us  to  heat  trains  of  ten  or  twelve  passengers  cars, 
each  car  65  to  72  feet  long,  and  enable  us  to  heat  the  rear  car  as  well  as  the  front  car. 

Mr.  Thomas  Konajrne,  New  Zealand  Government  Railways.  —  Mr.  President,  we 
have  a  ftiirly  coldclimate,  and  are  rather  behind  the  times  and  old-fashioned.  We 
are  using  the  acetate  of  soda  footwarmers  similar  to  those  used  in  England.  We  are, 
however,  contemplating  the  use  of  steam,  and  I  have  no  doubt  that  in  the  course  of 
time  we  shall  use  steam.  As  the  present  heaters  wear  out,  it  is  the  intention  of  the 
department  to  go  into  steam  heating,  using  the  best  system,  such  as  is  io  use  in  the 
United  States  and  other  countries.  Our  southern  climate  is  somewhat  severe,  not 
so  bad  as  60°  below  zero,  but  we  get  10  or  15**,  which  is  quite  cold  enough. 

As  to  the  ventilation  of  cars,  we  have  a  little  experience  in  that  direction.  In  the 
north  island  the  railway  passes  through  a  considerable  extent  of  country  which  is 
affected  with  a  very  fine  dust.  The  formation  on  the  line  is  pumice,  and  the  impal- 
pable dust  will  penetrate  through  almost  anything.  The  windows  of  our  pivsent 
carriages  are  all  single  sashes  but,  double-sashes  are  about  to  be  tested  with  a  view 
of  minimising  the  dust  nuisance.  We  found  considerable  difficulty  with  regard  to 
the  dining  car.  While  passengers  in  the  ordinary  carnages  are  inconvenienced  by 
the  dust,  they  have  found  it  very  desirable  to  be  able  to  enjoy  food  that  was  free 
from  dust  and  grit.  So  our  chief  mechanical  engineer  made  some  experiments,  and 
the  air  is  taken  in  at  the  top  of  the  car,  as  in  your  system,  then  led  down  to  floor 
level  where  it  is  filtered  through  loosely  woven  canvas  cloths,  which  cloths  are  kept 
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wet,  thereby  cooling  and  purifying  the  air.  Provision  was  also  niade  for  the  further 
cooling  of  the  air  by  using  ice;  but  w^e  found  that  by  passing  the  air  through  the 
wet  cloths  the  objectionable  dust  was  intercepted,  and  we  get  a  fair  supply  of  cool 
air  in  the  car.  The  hot  air,  of  course,  is  exhausted  through  the  roof  in  the  usual 
way  by  torpedo  ventilators,  which  we  use  ver\^  largely.  Then  as  regards  the  venti- 
lation of  the  ordinary  cars,  we  have  a  system  by  means  of  which  the  ventilation  is 
fairly  good.  There  are  inlets  passing  up  through  the  side  of  the  car,  between  the 
two  linings,  the  outer  sheet  and  the  inner  one,  and  at  spaces  along  the  ledge  of  the 
car  there  are  slides  which  the  passenger  can  control  and  admit  fresh  air  or  shut  it 
out  at  his  pleasure,  and  the  hot  air  there  is  also  exhausted  by  means  of  the  torpedo 
roof  ventilator.  In  the  smoking  cars  ther«  is  a  row  of  fixed  spitoons  down  the 
center,  with  a  large  hole,  about  1  ^U  inch,  and  a  supply  of  fresh  air  comes  up 
through  there.  In  those  of  our  cars  which  are  electrically  lighted,  electric-fans  are 
successfully  used  as  an  aid  to  ventilation. 
I  do  not  think  there  is  anything  further  that  I  can  add,  Mr  President. 

Mr.  C.  Peter  Clark,  American  Railway  Association.  —  Mr.  President,  1  will  take 
but  a  moment  to  say  what  may  possibly  be  of  interest  to  the  gentlemen  present. 
I  heard  nothing  said  here  of  economy  in  the  use  of  steam  in  heating  trains.  Some 
roads  in  this  country  are  successfully  experimenting  with  the  heating  of  trains  by 
the  exhaust  from  the  air  pump.  With  quite  cool  temperatures  sufficient  steam  is 
obtained  to  heat  a  train  of  seven  or  eight,  or  even  nine,  cars,  without  drawing 
directly  from  the  boiler.  Of  course,  the  amount  of  heat  available  depends  upon  the 
frequency  of  stops  and  the  irregularity  of  the  grades.  The  apparatus  is  exactly  the 
same  as  that  used  for  the  direct  steam,  and  it  is  a  simple  matter  for  the  engineer  to 
close  the  valve  connecting  with  the  pump  exhaust,  and  admit  live  steam  in  case  the 
temperature  is  down;  but  when  the  temperature  of  the  cars  is  once  raised  to  a  satis- 
factory point  it  requires,  as  most  of  us  know,  very  little  steam  to  keep  the  tempera- 
ture up  if  it  is  allowed  to  pass  freely.  The  objection  is  made  that  it  introduces  an 
element  of  back  pressure  against  the  pump,  but  in  practice  this  is  found  to  be  a  very 
slight  factor.  On  the  other  hand  (in  speaking  of  the  application  to  American 
practice),  it  takes  out  of  the  stack  of  the  locomotive  the  exhaust  of  the  pump,  which 
we  usually  put  there,  and  which  has  a  tendency  to  blow  up  the  fire  at  a  time  when 
we  have  no  use  for  steam,  while  stopping  at  stations,  and  probably,  in  that  way, 
effects  a  saving  which  off'sets  all  of  the  back  pressure.  It  is  true  that  locomotives 
are  continually  asked  to  haul  heavier  trains  and  move  them  faster.  Extreme  cold 
weather  is  the  hardest  time  of  the  year  to  call  upon  the  locomotive  for  even  the  small 
amount  of  steam  needed  to  heat  the  train,  and  some  roads  are  finding  that  this  is 
quite  a  convenient  way  of  utilizing  this  waste  steam  and  saving  the  coal  pile. 

The  Presidant.  —  If  nobody  wants  to  speak  any  further  on  the  question,  the 
sectional  officers  desire  to  propose  the  following  provisional  resolutions  : 

"  As  regards   lighting,   the  Congress  notes   the  development  of  the   use  of 
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incandescent  mantles,  heated  by  oil  gas  and  sometimes  by  common  gas,  and  of 
different  systems  of  electric  lighting.  Cylindrical  mantles  seem  to  be  somewhat 
stronger  than  globe  mantles,  but  the  latter  distribute  the  light  somewhat  better. 
Various  types  of  mantles  are  used  in  Europe  by  different  managements,  especially 
in  France  and  Germany,  and  are  beginning  to  extend  to  the  United  States. 

"  Though  the  cost  of  electric  lighting  is  still  very  high,  the  various  systems  give 
satisfaction  on  several  administrations.  Attention  is  called  to  their  advantage  in 
certain  cases  for  intermittent  lighting,  in  passing/through  tunnels  and  operating 
driving  fans. 

"  Acetylene  gas  has  been  used  mixed  with  Pintsch  gas,  especially  in  France  and 
Germany,  but  a  tendency  is  observed  to  abandon  this  mixture,  owing  to  the  use  of 
mantles.  On  the  other  hand,  mention  is  made  of  the  use  in  America  of  pure 
compressed  acetylene,  with  some  special  precautions. 

"  Steam  heating  has  a  tendency  to  extend  in  different  countries.  To  obtain 
sufficient  heat  for  very  long  trains,  or  in  cases  of  very  low  temperature,  care  is 
taken  to  use  either  pipes  of  sufficient  diameter  or  compressed  air  mixed  with  steam. 

"*  The  adoption  of  a  uniform  coupling  for  all  the  cars  in  the  same  territory,  is  an 
important  question  to  be  solved. 

"  The  Congress  notes  the  different  systems  of  car  ventilation  that  have  been 
applied,  especially  that  in  use  on  the  Pennsylvania  Railroad.  ^ 

These  conclusions  would  seem  to  embrace  nearly  all  the  remarks  that  have  been 
made,  but  there  w  ill  also  be  a  full  report  of  them  drawn  up. 

Mr.  Dragn,  Rumanian  State  Railways.  (In  French.)  —  I  hope  that  you  will 
leave  out  the  sentence  concerning  the  cost  of  electricity,  unless  you  add  that  the 
additional  expense  of  electric  lighting  is  counterbalanced  by  the  marked  advantages 
of  this  method,  the  current  being  also  useful  in  summer  for  ventilating  purposes. 

The  President.  —  We  might  leave  out  the  question  of  cost  from  the  conclusions  as 
it  might  seem  to  discredit  electric  lighting,  and  state  that  "  systems  of  electric 
lighting  are  giving  satisfaction  on  different  roads.  "  (Carried  unanimously.) 

Then  the  conclusions  will  provisionally  read  as  follows  : 

"  As  regards  lighting,  the  Congress  notes  the  development  of  the  use  of  incan- 
descent mantles,  heated  by  oil  gas  and  sometimes  by  common  gas,  and  of  different 
systems  of  electric  lighting.  Cylindrical  mantles  seem  to  be  somewhat  stronger 
than  globe  mantles,  but  the  latter  distribute  the  light  somewhat  better.  Various 
types  of  mantles  are  used  in  Europe  by  different  managements,  especially  in  France 
and  Germany,  and  are  beginning  to  extend  to  the  United  States. 

"  Systems  of  electric  lighting  are  giving  satisfaction  on  different  roads.  Attention 
is  called  to  their  advantage  in  certain  cases  for  intermittent  lighting,  in  passing 
through  tunnels  and  operating  driving  fans. 

"  Acetylene  gas  has  been  used  mixed  with  Pintsch  gas,  especially  in  France  and 
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Germany,  but  a  tendency  is  observed  to  abandon  this  mixture,  owing  to  the  use  of 
mantles.  On  the  other  hand,  mention  is  made  of  the  use  in  America  of  pure 
compressed  acetylene,  with  some  special  precautions. 

*^  Steam  heating  has  a  tendency  to  extend  in  different  countries.  To  obtain 
suflScient  heat  for  very  long  trains,  or  in  cases  of  very  low  temperature,  care  is  taken 
to  use  either  pipes  of  suflScient  diameter  or  compressed  air  mixed  with  steam. 

**  The  adoption  of  a  uniform  coupling  for  all  the  cars  in  the  same  territory  is  an 
important  question  to  be  solved. 

"  The  Congress  notes  the  different  systems  of  car  ventilation  that  have  been 
applied,  especially  that  in  use  on  the  Pennsylvania  Railroad.  ^ 

—  These  conclusions  will  be  submitted  to  the  general  meeting. 

—  The  meeting  adjourned  at  3'30  p.  m. 
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DISCUSSION  AT  THE  GENERAL  MEETING 

it* 

Meeting  held  on  May  11,  1905  (afternoon). 

Mr.  Stlyvesam  FISH,  phesident,  in  the  chair. 

General  secretary   :   Mr.   L.   WEISSENBRUCH. 

Associate   general  secretary   :   Mr.  VV.  F.  ALLEN. 

Mr.  H.  Tylston  Hodgson,  president  of  the  .?'*'  section,  read  the 

Report  of  the  2"**  and  3"*  sections  meeting  jointly. 

(See  the  Daily  Journal  of  the  session,  No.  6,  p.  107.) 

"  Mr.  C.  B.  Dudley  summarized  his  report  on  the  lighting,  heating  and  ventilation 
of  trains.  This  report  shows  that  the  use  of  candles  is  being  abandoned,  except  in 
cases  of  emergency,  and  the  same  is  largely  ti'ue  of  oil  lamps.  The  carburator 
system  seems  to  have  given  good  results  on  branch  lines.  The  use  of  oil  gas  is 
being  largely  extended,  while  that  of  coal  gas  is  disappearing.  At  the  present  time 
25,000  to  26,000  cars  in  the  United  States  are  lighted  with  oil  gas,  and  this  number 
tends  to  increase.  Electric  lighting  has  been  tried  on  a  large  scale  under  five 
distinct  forms : 

"  1^  By  the  use  of  movable  storage  batteries; 

"  2°  By  the  use  of  storage  batteries  placed  permanently  under  the  cars  and 
charged  during  stops  of  the  latter; 

"  3**  By  the  use  of  dynamos  operated  by  the  motion  of  the  car  axle; 

"  4^*  By  the  use  of  a  dynamo  placed  in  a  baggage  car; 

'^  b""  By  means  of  a  steam  turbine  driving  a  dynamo  placed  on  the  locomotive. 
This  last  system  has  been  tested  only  in  a  few  cases. 

"  it  did  not  seem  possible  to  the  reporter  to  render  at  this  time  a  final  decision  on 
these  different  svstems. 
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"  Acetylene  lighting  has  been  tried  under  three  forms  : 

"  1"  With  acetylene  generators  hung  under  the  cars; 
"  2<»  With  receivers  holding  compressed  acetylene; 

"  3®  Wiih  acetylene  dissolved  in  acetone,  in  cylinders  containing  some  absorbent 
material,  such  as  disks  of  asbestos. 

"  Electricity  seems  to  be  the  most  economical  system  as  regards  consumption, 
but  it  is  difficult  to  give  figures  regarding  the  cost  of  maintenance  of  the  apparatus. 

"  As  for  car  heating,  in  the  reporter's  opinion,  the  best  method  is  to  use  steam 
from  the  locomotive,  and  he  particularly  recommended  the  Baker  system,  which 
admits  of  the  use  of  either  steam  or  coal,  as  may  be  desired.  The  proper  diameter 
to  be  used  in  the  pipes  and  the  arrangement  of  the  couplings  are  the  most  delicate 
points  in  the  equipment,  and  the  reporter  called  attention  to  the  systems  shown  at 
the  Washington  Railway  Exhibition,  which  provide  for  coupling  simultaneously  and 
automatically  the  pipes  for  the  steam,  air  and  alarm  connections. 

*"  On  the  subject  of  ventilation,  the  reporter  remarked  that  u  good  system  should 
work  both  in  summer  and  winter,  and  should  be  properly  harmonized  with  the 
heating  system.  He  described  the  system  used  on  the  Pennsylvania  Railroad, 
whereby  the  air  is  taken  from  outside,  under  the  tlooring  of  the  cars,  is  heated  by 
radiators  and  admitted  inside  the  car  through  openings  under  the  seats  and  passed 
off  through  ventilators  in  the  roof.     For  further  details  he  referred  to  his  report. 

"  The  secretary  then  read  the  conclusions  from  the  report  presented  on  the  same 
subject  by  Mr.  Cajetan  Banovits  which  were  as  follows  : 

"  In  consequence  of  the  continual  improvements  and  advances  made  in  the 
lighting,  heating  and  ventilation  of  railway  carriages,  the  general  average  level  of 
these  appliances  has  steadily  improved  during  the  last  few  years. 

"  Nevertheless,  appliances  are  still  largely  used,  which  satisfy  the  reasonable 
requirements  of  passengers  only  very  inadequately  or  very  moderately. 

"  The  better  and  more  improved  appliances  may  be  divided  into  two  groups;  the 
one  comprises  the  appliances  which  owing  to  their  efficiency  can  satisfy  all  require- 
ments, however  exacting,  but  which  require  separate  attention,  and  can  consequently 
only  be  used  with  advantage  in  special  cases,  and  not  where  there  is  much  traffic; 
the  other  comprises  the  appliances  which  can  satisfy  all  modern  requirements,  and 
owing  to  the  simplicity  of  their  manipulation,  are  suitable  for  the  best  trains,  and 
allow  a  large  amount  of  traffic  to  be  dealt  with  readily  and  expeditiously.  It  is 
self-evident  that  in  such  appliances  also  further  improvements  are  still  to  be  made. 

"  To  the  second  group,  which  is  most  suitable  for  the  improvement  of  deficient 
appliances,  belong : 

""  a)  As  regards  lighting  :  gas,  mixed  gas  and  electric  lighting ;  the  last,  owing  to 
its  many  advantages,  is  worthy  of  special  attention  and  its  use  should  be  extended  as 
much  as  possible; 
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^  b)  As  regards  heating  :  the  various  systems  of  steam  heating,  the  steam  and  the 
condensed  water  conduction  being  kept  as  separate  as  possible,  or  even  separate 
piping  being  provided  for  carrying  off  the  condensed  water; 

"  c)  As  regards  ventilation  :  the  roof  ventilators,  with  their  action  increased  as 
much  as  possible  by  combining  them  with  pipe  ventilators;  in  this  connection,  it 
should  also  be  noted  that  it  is  desirable  to  supplement  the  ventilation  by  providing 
for  the  supply  of  fresh  air  in  addition  to  removing  the  foul  air. 

"  Finally,  it  must  be  emphasized  that  for  these  reasons  also,  special  importance 
must  be  attached  to  the  proper  and  suitable  design  of  the  carriages,  as  not  only  is 
the  proper  working  of  the  appliances  mentioned  above  better  ensured,  and  conse- 
quently the  legitimate  demands  of  passengers  realized,  by  this  means,  but  the  safety 
of  the  traffic  is  also  increased.  " 

"  Discussion  was  opened  on  the  subject  of  lighting. 

"  Mr.  WiCKERSHEiMER  [Fretich  State  Railways)  asked  for  some  details  on  the  use  of 
acetylene  gas,  which,  when  under  low  pressure,  did  not  seem  to  him  dangerous^ 
and,  particularly,  whether  freezing  of  generators  on  cars  cannot  be  prevented  by 
adding  a  certain  proportion  of  alcohol  to  the  water. 

"  Mr.  Max  Toltz  (Manistee  &  Grand  Rapids  Railroad)  gave  an  account  of 
experiments  made  with  a  system  designed  by  himself  conjointly  with  Mr.  Lipschutz. 
In  this  system,  they  use  acetylene  compressed  to  10  atmospheres  in  receivers  hung 
under  the  cars,  and  to  avoid  explosions  arising  from  the  heating  of  the  gas  each 
receiver  is  fitted  with  a  number  of  fusible  plugs.  To  avoid  heating  of  the  gas  during 
its  compression,  the  latter  is  effected  in  three  successive  periods,  and  the  gas  cooled 
after  each  compression.  This  system  is  being  used  at  the  present  time  on  a  large 
scale  by  the  Great  Northern  Railway  (United  States)  and  the  Canadian  Pacific  Railway, 
and  no  serious  accident  has  so  far  occurred. 

"  Replying  to  the  question  previously  asked  by  Mr.  Wickersheimer,  Mr.  Max  Toltz 
said  that,  as  far  as  he  knew,  only  glycerine  has  been  used  to  prevent  freezing. 

"  Mr.  W.  E.  Fowler  [Canadian  Pacific  Railway)  confirmed  the  information  given 
by  Mr.  Max  Toltz  on  the  subject  of  his  system,  which  is  now  in  use  on  369  cars  of 
his  company,  and  is  working  there  in  a  very  satisfactory  manner,  without  having 
caused  any  accident.  He  staled  that  this  system  gives  three  times  as  much  light  as 
oil  lamps  for  the  same  expense. 

"  In  reply  to  an  inquiry  from  Mr.  Brisse  (French  Eastern  Railway)^  Mr.  W.  E. 
Fowler  stated  that  the  Toltz  system  did  not  give  any  more  trouble  or  inconvenience 
than  the  Pintsch  system  as  regards  charging  the  tanks  at  stations. 

"  Mr.  R.  Fane-de-Salis  [North  Staffordshire  Railway,  England)  described  a  system 
of  obtaining  acetylene  gas  without  water  by  mixing  calcium  carbide  with  bicarbonate 
of  soda.     This  process,  which  avoids  any  trouble  in  regard  to  freezing,  has  only 
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been  employed  for  stationary  apparatus  up  to  the  present  time,  but  he  thinks  it 
would  be  interesting  to  try  its  application  to  lighting  of  cars. 

**  MrSEnLKmiPariS'Lyom-MedUerranean  Bailway)  stated  that  his  company,  which 
has  in  its  cars  about  25,000  lamps  burning  a  rich  gas,  has  improved  its  lighting  in 
the  last  few  years  by  mixing  this  gas  with  20  to  25  per  cent  of  acetylene.  A  further 
improvement  has  been  attempted  by  using  incandescent  mantles,  but  as  these  wear 
out  quickly  with  acetylene,  and  as  the  fact  that  two  generating  plants  are  required 
(one  for  gas  and  one  for  acetylene) ,  it  is  a  disadvantage.  Mr.  Verlanl  thinks  that  with 
incandescent  mantles  it  is  preferable  to  give  up  using  acetylene. 

"  Mr.  Brisse  reported  that  the  French  Eastern  Railway  has  decided  to  adopt,  on  its 
entire  rolling  stock,  the  use  of  rich  gas  with  incandescent  mantles.  This  method  of 
lighting,  while  giving  a  greater  illuminating  power  than  ordinary  gas  burners, 
secures  at  the  same  time  a  very  marked  saving.  Two  designs  of  tips  are  used  —  the 
straight  burner  and  the  reverse  burner.  The  latter  gives  a  more  satisfactory  appear- 
ance, but  the  life  of  the  mantles  is  nmch  longer  with  the  former. 

*"  Mr.  J.  4.  W.  Van  Loenen-Maktinet  {Dutch  Bailway)  said  that  his  line  has  been 
using  for  the  last  eight  years  oil  gas  mixed  with  15  per  cent  acetylene,  but  that  a 
serious  explosion  occurred  in  a  stationary  acetylene  plant  used  for  lighting  a 
sUition,  and  it  was  thought  more  prudent  not  to  extend  the  use  of  this  system. 
They  resorted,  therefore,  to  electric  lighting  by  the  Stone  system,  with  which 
10  per  cent  of  their  cars  are  now  equipped.  According  to  the  speaker,  the  net  cost 
of  this  method  of  illumination,  without  allowing  for  depreciation,  is  20  per  cent 
greater  than  that  of  gas  mixed  with  acetylene. 

"  Mr.  R.  Sarbe  (Gennaji  Government)  stated  that  in  Germany  the  mixture  of  rich 
gas  and  acetylene  is  extensively  used,  but  owing  to  a  very  severe  explosion  some 
years  ago  in  Strasburg,  the  cause  of  which  could  not  be  ascertained,  it  has  been 
decided  to  seek  some  other  process.  They  have  consequently  begun  to  experiment 
with  incandescent  burners,  using,  however,  two  mantles  for  each  lamp. 

**  Mr.  W.  Clow  (Great  Central  Railway,  England)  expressed  the  opinion  that 

electric  light  gives  the  best  results.     Out  of  1,631  cars  belonging  to  his  company, 

50  per  cent  are  lighted  with  electric  light,  40  per  cent  with  gas  and  10  per  cent 
with  oil. 

"  Mr.  H.  Tylston  Hodgson  {Midland  Railway,  England)  recalled  that  thirteen  years 
ago  his  company  experimented  w  ith  a  Brotherhood  engine  driving  a  dynamo  set  on 
the  locomotive,  but  after  a  few  years  they  abandoned  this  arrangement. 

"  Mr.  L.  RoLfiT  de  Journel  (Madrid-Saragossa- Alicante  Railway)  gave  very  complete 
data  on  the  Vicarino  system  of  electric  lighting  as  applied  to  23  cars  belonging  to 
his  company.     The  net  cost  of  this  system  would  be  of  1*55  franc  (1«.  3d.)  per 
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1,000  candle-power  (French  measure)  per  hour,  40  per  cent  of  this  being  charged  to 
depreciation  and  interest,  20  per  cent  to  operation,  15  per  cent  to  maintenance  of 
dynamos,  11  per  cent  to  maintenance  of  accumulators,  7  per  cent  to  keeping  up 
belts  and  7  per  cent  to  maintenance  of  lamps.  A  number  of  cases  of  slipping  of 
belt  have  been  experienced,  and  to  avoid  the  consequences,  they  propose  to  try 
coupling  the  different  cars  to  each  other.  The  speaker  thought  it  would  be  advan- 
tageous to  devise  some  arrangement  for  stopping  the  process  of  charging  the  accu- 
mulators when  the  necessary  voltage  is  reached. 

**  Mr.  Ch.  Jenny  (South  Austrian  Railways)  thought  that  electric  lighting  would  be 
particularly  advantageous  for  lines  having  numerous  tunnels,  to  save  the  expense 
resulting  from  the  prolonged  burning  of  gas  lamps. 

"  Mr.  Karl  Steinbiss  (German  Government)  described  two  interesting  experiments 
in  electric  lighting.  The  first,  undertaken  three  years  ago,  consisted  in  driving  a 
dynamo  by  a  Laval  turbine,  mounted  on  the  locomotive.  The  lighting  worked 
well,  hut  the  consumption  of  steam  was  excessive,  and  the  care  of  the  electric 
apparatus  required  much  attention  from  the  engine  crew.  This  system  was  there- 
fore abandoned  and  a  dynamo  mounted  on  the  wheels  of  a  car  was  tried,  according 
to  an  arrangement  devised  by  Messrs,  Wittfeld  and  Rosenberg.  The  dynamo  pro- 
duced a  current  of  200  amperes  with  a  tension  of  72  volts,  and  sufficed  to  illuminate 
a  train  of  seven  cars,  each  of  which  was  provided  with  two  storage  batteries  of 
32  volts.    This  system  seems  likely  to  give  excellent  results. 

"  Mr.  F.  Paul- Dubois  (Orleans  Railway)  stated  that  his  company  is  very  well 
satisfied  with  the  Stone  electric  lighting  system,  which  is  at  present  installed  in 
ISO  cars.  Some  suburban  trains  are  lighted  by  means  of  a  single  dynamo  set  up  in 
the  baggage  car. 

"  Mr.  C.  BoELL  (French  State  Railways)  reported  that  after  having  tried  electric 
lighting  without  great  success  by  movable  accumulators,  his  management  has 
adopted  for  the  principal  trains  the  Vicarino  system,  which  gives  excellent  results. 
The  majority  of  cars  on  his  system  are  furnished  with  rich  gas  burners,  which  will 
be  improved  by  the  use  of  incandescent  mantles. 

"  Mr.  G.  A.  Anderson  (Indian  Government)  remarked  that  one  of  the  speakers  had 
said  that  he  regarded  the  electric  light  as  the  ideal  one  for  train  lighting.  If  that 
was  so  in  the  West,  it  would  he  thought  be  generally  conceded  that  the  case  for 
electric  lighting  was  even  stronger  for  Eastern  countries,  such  as  India,  where  any 
access  of  heat  was  a  very  important  consideration.  Electric  lighting  not  only  has 
the  advantage  of  coolness,  but  it  also  enables  the  employment  of  fans  and  thus 
greatly  reduces  the  discomfort  of  travelling  in  the  hot  season. 

"  On  the  main  broad  gauge  lines  of  India,  the  percentage  of  coaches  fitted  with 
either  gas  or  electricity  is  about  82.  On  the  "  Bombay,  Baroda  &  Central  India  " 
and  *^  Great  Indian  Peninsular  "  systems  terminating  at  Bombay  and  aggregating 
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considerably  over  3,000  miles,  the  percentage  is  95.  On  four  of  the  larger  metre 
gauge  systems,  the  percentage  of  coaches  fitted  with  either  gas  or  electricity  is  about  80. 
The  tendency  on  the  Western  Railways,  at  any  rate,  is  to  abandon  gas  for  electricity 
leaving  the  gas  lighting  to  die  out  on  the  less  important  services;  a  tendency  encour- 
aged by  the  fact  that  much  of  the  original  gas  plant  is  falling  in  for  somewhat 
extensive  renewal  and  reconstruction. 

"  The  systems  of  electric  lighting  which  had,  he  said,  come  under  his  notice 
were  as  follows  : 

**  i*  The  collective  system  (with  a  dynamo  at  each  end  of  the  train).  —  This  was 
adopted  some  eight  years  ago  on  the  Jodhpore  Bickaneer  Railway  and  has  been 
found  suitable  for  the  conditions  of  this  desert  line  of  460  miles  with  few  and  regular 
trains  running  point  to  point  without  branches. 

"  2^  The  accumulator  or  storage  battery  system.  —  This  has  been  installed  in  the 
mail  trains  of  the  metre  gauge  Rajputana  Malwa  Railway  system,  1,650  miles  in 
length.  At  the  outset,  the  administration  were  warned  to  anticipate  excessive  cost 
by  the  use  of  this  system,  due  to  the  heavy  renewal  of  batteries  that  would  be 
required,  but  by  taking  care  not  to  run  down  the  batteries,  it  has  worked  satis- 
factorily enough  for  more  than  four  years  at  an  estimated  cost  of  about  90  per  cent 
that  of  gas  lighting. 

"  This  system  was  adopted  as  probably  the  most  suitable  to  a  service  involving 
frequent  cutting  off  for  branches  and  a  considerable  demand  for  lights  in  coaches 
standing  in  sidings.  It  is  now  being  extended  to  all  passenger  trains,  and  to  the 
station  platform  lighting  at  the  charging  depots  of  which  there  are  half  a  dozen. 
The  transfer  of  batteries  causes  no  trouble  or  inconvenience. 

**  3°  The  Stone  system.  —  Has  not  been  quite  successful  so  far,  owing  principally, 
it  seemed  to  the  failure  to  allow  and  provide  for  the  varying  speeds  and  grades, 
which  are  so  common  a  feature  in  Indian  railways.  Messrs.  Stone's  agent  has 
recently  visited  India  and  has  ascertained  satisfactorily  to  himself.  Mr.  Anderson 
understands  the  defects  and  how  to  remedy  them,  and  under  the  expert  advice  which 
has  hitherto  not  been  generally  available  when  required,  Mr.  Anderson  had  little 
doubt  that  a  satisfactory  solution  by  differentiation  of  the  speed  of  the  dynamo  when 
running  and  by  the  addition  of  assisting  batteries,  would  soon  be  reached.  A  system 
of  this  kind  is  favoured  by  the  Main  Western  Railways,  and  has  been  tested  on  certain 
special  service  trains,  and  it  is  hoped  will  soon  be  extended  to  the  principal  long 
runs  in  connection  with  the  English  mail  steamers,  such  as  the  Panjab  Mail  Bombay 
to  Delhi  and  the  Cross  Peninsular  run,  Bombay  to  Calcutta,  each  over  1,200  miles 
in  length. 

"  Mr.  J.  J.  DA  SiLVA  Freire  (Brazil  Central  Railway)  informed  the  section  that  the 
system  of  lighting  by  Pintsch  gas  has  been  in  use  for  a  long  time  in  Brazil,  and  that 
an  attempt  had  been  made  to  obtain  a  better  light  by  mixing  acetylene  gas  with  the 
Pintsch  gas,  which,  however,  did  not  give  satisfactory  results. 
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"  The  speaker  inquired  whether  others  had  made  similar  experiments,  and 
thought  that  the  want  of  success  on  the  Brazilian  railroads  was  due,  at  least  in  part, 
to  the  smaller  diameter  of  the  pipes  used. 

"  On  certain  lines,  especially  on  the  St.  Paul  Railway  System,  the  Stone  system 
has  been  in  use  for  the  past  ten  years  with  very  good  results,  rnfortunaiely  this 
system  is  costly.  The  Brazilian  railroads  are  always  on  the  look  out  for  a  better 
light,  provided  that  it  will  not  cost  too  much. 

"  Mr.  D.  F.  Crawford  [Pennsylvania  Lines  West  oj  Pittsburgh)  stilted  that,  on  his 
system  all  the  trains  are  heated  by  steam  from  the  locomotives.  The  Pullman  cars 
are  in  addition  equipped  with  fixtures  which  enable  them  to  be  heated  either  by  a 
hot  water  system,  or  by  steam  from  the  locomotive. 

"  The  Pennsylvania  Railroad  has  experimented  with  steam  at  low  pressure,  and 
the  main  difficulty  has  been  to  find  good  coupling  connections. 

"  In  the  matter  of  ventilation,  about  200  passenger  cars  out  of  the  400  in  service 
on  the  Pennsylvania  Lines  West  of  Pittsburgh,  are  being  operated  upon  the  system 
of  ventilation  described  in  Mr.  C.  B.  Dudleys  report,  with  excellent  results. 

**  The  greatest  difficulty  encountered  in  the  system  of  direct  heating  by  steam,  is 
in  regulating  the  temperature  in  the  cars.  Automatic  regulators  have  been  tried  in 
several  .cars,  but  have  not  shown  good  results  up  to  the  present  time,  and  the  cars 
are  generally  overheated,  so  that  the  temperature  has  to  be  regulated  by  the  train 
stalf, 

"  Mr.  W.  E.  Fowler  [Canadian  Pacific  Bailway)  stated  that  his  company  is  very 
much  interested  in  the  question  of  heating  the  trains,  because  of  the  extremely  low 
temperatures  in  certain  territory  through  which  that  system  runs. 

"  The  direct  heating  system,  described  by  Mr.  C.  B.  Dudley,  is  not  used  by  the 
Pullman  Company,  and  he  attributes  this  to  the  fact  that  this  company  has  cars  with 
panels  of  very  expensive  woods,  and  that  the  difference  in  temperature  between  the 
periods  during  which  the  cars  are  in  motion  and  those  during  which  they  are  sta- 
tionary, would  soon  destroy  the  panelling. 

"  Mr.  C.  B.  Dudley,  reporter,  replied  that  the  direct  system  of  heating  by  steam 
is  used  in  the  Pullman  cars  if  by  the  direct  system,  is  understood  one  in  which  each 
car  is  supplied  with  the  necessary  steam  from  a  main  pipe  coming  from  the  loco- 
motive and  extending  from  one  end  of  the  train  to  the  other,  the  condensation 
water  being  discharged  on  to  the  track  through  a  special  valve. 

"  Mr.  D.  F.  Crawford  replied  that  the  Pullman  Company  uses  the  steam  heating 
system,  but  also  each  car  has  a  hot  water  system  which  enables  the  temperature  to 
be  maintained  during  stops. 

"  Mr.  W.  E.  Fowler  understood  by  direct  heating  the  use  of  the  steam  as  it  comes 
from  the  locomotive,  and  again  expressed  his  opinion  that  this  system  is  inadvisable 
in  cars  with  costly  wood  panels. 
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"  Mr.  Brisse  informed  the  seclion  that  the  French  Eastern  Railway  has  experi- 
mented with  a  mixed  heating  system,  using  steam  and  compressed  air  supplied  by 
the  air  pump  of  the  locomotive,  a  system  which  was  invented  by  Mr.  Lancrenon  to 
meet  the  necessity  of  heating  trains  of  great  length.  The  use  of  steam  alone  pre- 
sented very  great  difficulties,  especially  in  the  suburban  service  of  Paris,  where 
trains  frequently  consist  of  24  units  on  two  or  three  axles  each.  This  heating 
system  has  been  gradually  extended  on  all  trains  of  the  Eastern  Railway.  It  has 
the  advantage  of  permitting  a  reduction  in  the  diameter  of  the  pipes.  The  hot 
mixture  is  conducted  under  the  feet  of  the  passengers,  which  is  preferred  in  France, 
and  is  carried  also  either  along  the  sides  or  under  the  seats,  where  it  produces  heat 
by  radiation.  In  the  cars  in  the  international  service,  this  system  permits  also 
heating  by  steam  alone  when  outside  French  territory.  The  improvements  made 
by  the  inventor  of  this  system  enabled  the  road  to  maintain  in  its  cars  during  last 
winter  an  average  temperature  of  20°  G.  (68°  Fahr.)  when  it  was  minus  15°  C. 
(5°  Fahr.)  outside.  With  this  system,  no  especial  difficulty  is  experienced  in  main- 
taining pressure. 

"  Mr.  H.  Tylston  Hodgson  called  the  attention  of  the  meeting  to  the  fact  that  in 
England  the  differences  in  temperature,  though  sudden,  are  never  very  excessive. 
There  is  no  extreme  cold,  and  opinions  are  divided  between  the  use  of  hot  water 
heaters  and  steam  heating.  Two  types  of  cars  are  in  general  use  on  the  railroads  of 
Great  Britain,  and  the  heating  systems  are  applied  according  as  the  cars  have  a 
central  passage  or  side  doors.  In  cars  of  the  first  type,  it  is  difficult  to  use  water 
heaters,  but  in  the  second,  they  give  general  satisfaction.  Opinions  are  also  divided 
as  to  the  best  location  of  the  main  steam  pipe.  If  it  is  placed  outside  the  cars  a 
great  loss  of  heat  is  occasioned,  but,  on  the  other  hand,  if  placed  inside  it  becomes 
■impossible  to  isolate  a  car  placed  in  the  middle  or  at  the  front  of  the  train.  This 
trouble  is  avoided  when  each  car  is  equipped  with  its  own  radiating  apparatus  fed 
by  an  external  pipe. 

**  Mr.  HoDEiGE  {Belgian  State  Railway)  stated  that  a  certain  number  of  water  heaters 
are  still  in  use  in  Belgium,  where,  however,  they  have  begun  to  use  the  system  of 
heating  by  steam  taken  from  the  locomotive  as  well  as  the  system  described  by 
Mr.  Brisse.  Belgium  still  being  in  an  experimental  stage,  the  speaker  regretted  not 
being  able  to  recommend  any  system. 

""  Mr.  A.  E.  Mitchell  (Lehigh  Valley  Railroad)  stated  that  a  direct  heating  system 
by  steam  is  in  use  on  all  cars  of  his  company;  at  the  yards,  special  generators  are 
installed,  which  furnish  the  steam  necessary  to  maintain  the  temperature  in  cars 
during  long  stops.  This  innovation  has  permitted  the  abandonment  of  the  hot 
water  system  with  which  132  cars  were  previously  equipped,  which  has  resulted  in 
gaining  two  seats  in  each  car.  Several  years  ago,  a  commission  was  appointed  by 
the  American  Master  Gar  Builders*  Association  to   determine  whether  the  main 
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pipe  of  1  V2  inch  in  diameter,  which  had  been  previously  used,  was  sufBcientiy 
large.  This  committee  recommended  the  adoption  of  pipes  2  inches  in  diameter, 
which  were  then  installed  on  certain  lines.  The  main  objection  to  pipes  of 
2-inch  diameter,  is  that  they  require  coupling  connections  of  the  same  dia- 
meter, which  are  difficult  to  keep  in  order.  In  some  cases,  these  pipes  are 
supplied  with  reducers,  thus  permitting  the  use  of  connections  with  pipes  of 
1  Vt  iJ^ch  diameter. 

"  Mr.  W.  E.  Fowler  informed  the  session  that  the  Canadian  Pacific  has  equipped 
all  its  cars  with  2-inch  train  pipes  and  couplings  of  the  same  size.  It  is  due  to  this 
large  diameter  that  they  have  succeeded  in  keeping  up  a  comfortable  temperature 
in  their  cars,  when  the  temperature  outdoors  is  60^  below  zero  (Fahrenheit),  as  hap- 
pens at  times  along  Lake  Superior. 

"  Mr.  Th.  RoNAYNE  (New  Zealand  Government  Railways)  stated  that  the  lines  in 
his  country  generally  use  systems  of  foot  warmers  for  car  heating,  although  they  are 
now  considering  the  introduction  of  a  system  of  steam  heating.  In  the  southern 
island  especially,  the  cold  at  some  seasons  is  quite  severe. 

"  While  the  New  Zealand  Railways  have  had  little  experience  in  the  matter  of 
heating,  they  have  had  occasion  to  study  the  system  of  ventilating  cars.  In  some 
parts  of  the  territory  through  which  they  run,  the  air  is  full  of  a  very  fine  white  dust, 
which  penetrates  everywhere.  All  the  cars  are  supplied  with  double  windows. 
In  dining  cars  especially,  the  air  is  admitted  through  openings  in  the  side  panels 
through  a  strainer,  and  in  many  cases  it  is  cooled  with  ice.  This  system  has 
given  very  satisfactory  results.  Ordinary  coaches  are  ventilated  through  openings 
in  the  sides  fitted  with  two  slides,  which  passengers  can  lower  or  close  as  they 
desire. 

"  Mr.  C.  P.  Clark  (American  Railway  Association)  observed  that  nothing  had 
been  said  about  the  economy  of  using  steam  for  heating  trains.  Some  companies 
have  tried  to  utilize  the  exhaust  steam  from  the  vacuum  pumps  on  the  loco- 
motive and  obtained  very  fair  results.  As  the  radiators  are  the  same  as  those  used 
in  other  steam  heating  systems,  it  is  easy  for  the  engineer  to  turn  live  steam  into 
them  when  the  temperature  gets  too  low.  The  chief  objection  to  this  system  is  that 
it  causes  back  pressure  on  the  steam  piston  of  the  vacuum  pump.  This  objection, 
however,  is  unimportant.  On  the  other  hand,  at  least  in  American  practice,  it 
obviates  the  necessity  for  discharging  the  exhaust  steam  from  the  vacuum  pump 
through  the  stack  of  the  locomotive  and  thus  avoids  an  irregular  draft  on  the 
fires. 

*^  Discussion  having  ceased,  the  President  proposed  the  adoption  of  the  following 
conclusions.  " 
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The  President.  —  The  following  are  the 

CONCLUSIONS. 

"  As  regards  lighting,  the  Congress  notes  the  development  of  the  use  of  incan- 
descent mantles,  heated  by  oil  gas  and  sometimes  by  common  gas,  and  of  different 
systems  of  electric  lighting.  Cylindrical  mantles  seem  to  be  somewhat  stronger 
than  globe  mantles,  but  the  latter  distribute  the  light  somewhat  better.  Various 
types  of  mantles  are  used  in  Europe  by  different  managements,  especially  in 
France  and  Germany,  and  are  beginning  to  extend  to  the  United  States. 
"  Systems  of  electric  lighting  are  giving  satisfaction  on  different  roads.  Attention 
is  called  to  their  advantage  in  certain  cases  for  intermittent  lighting,  in  passing 
through  tunnels  and  operating  driving  fans. 

"  Acetylene  gas  has  been  used  mixed  with  Pintsch  gas,  especially  in  France  and 
Germany,  but  a  tendency  is  observed  to  abandon  this  mixture,  owing  to  the  use 
of  mantles.  On  the  other  hand,  mention  is  made  of  the  use  in  America  of  pure 
compressed  acetylene,  with  some  special  precautions. 

*^  Steam  heating  has  a  tendency  to  extend  in  different  countries.  To  obtain 
suflScient  heat  for  very  long  trains,  or  in  cases  of  very  low  temperature,  care  is 
taken  to  use  either  pipes  of  sufficient  diameter  or  compressed  air  mixed  with 
steam. 

"  The  adoption  of  a  uniform  coupling  for  all  the  cars  in  the  same  territory  is  an 
important  question  to  be  solved. 

"  The  Congress  notes  the  different  systems  of  car  ventilation  that  have  beep 
applied,  especially  that  in  use  on  the  Pennsylvania  Railroad.  ^ 

—  These  conclusions  were  adopted  by  the  general  meeting. 
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1.  —  The  world's  railways. 

(Archiv  fUr  Eisenbahnicesen.) 


As  in  previous  years,  we  print  below  a  table  showing  the  growth  of  the  world's  railway  lines  between  1900 
and  1904  and  another  table  exhibiting  the  cost  of  their  construction. 

Table  I.  —  The  railways  of  the  world  from  the  end  of  1900  to  the  etid  of  1904,  and  the  ratio 
of  mileaye  to  the  area  and  population  of  each  country. 
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1900 


1901 


1902 


1903 


1904 
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Miltaot 
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I.  —  Europe. 

Prussia    .... 

Bavaria    .     .     ;     . 

p    i  Saxony 

g  <  'Wartomberg     .    . 

-    J  Baden  

o  I 

Alsace-Lorraine     , 

Other  States  .    .    . 
Total  for  Germany  .     , 

Austro  -  Hungary  (inclu- 
sive of  Bosnia  and  Her- 
zegovna) 

Great  Britain  and  Ire- 
land   

France    

Ru88ia  in  Europe  and 
Finland  (2,037-5  miles). 

Italy  ....... 

Belgium 

Netherlands  and  Luxem- 
burg  

Switzerland 

Spain 

Portugal 

Denmark 

Norway 

Sweden 

Servia 

Roumania 

Greece 

Turkey  in  Europe,  Bul- 
garia and  Rumeliu  .     . 

Malta,Jer8ey,Isle  of  Man. 
Total  for  Europe  .     .     . 


19,139-2 

19.677-9 

20,173-2 

20.414-9 

4,192-5 

4.209-2 

4.245-3 

4.400-0 

1,772-8 

1.7^-7 

1.826-9 

1.847-4 

1,069-4 

1.174-4 

1.184-4 

1.209-2 

1,216-1 

1.286-9 

1,297-4 

1.297-4 

1.131-5 

1.175-0 

1.175-0 

1.184-4 

3.412-0 

3,436-9 

3.466-0 

3.466-0 

31,933-5 

32.753-U 

33.36S-2 

33.819-3 

22,918-5 

23,290-9 

23.638-0 

24.120-8 

21,864-0 

23.035-5 

22.1.58-5 

22,401-7 

26.611*9 

27.127-7 

27.747-2 

28,100-2 

30.112-1 

31.944-7 

32.522-5 

33.093-6 

9,809t8 

9,824-0 

9.906-1 

9.966-4 

3,942-7 

4,024-0 

4.119-1 

4.237-2 

1,994-0 

2,023-9 

2.(fi7-4 

2.095-3 

2,350-7 

2,429-G 

2.483-7 

2,575-0 

8,299-8 

8.469-4 

8.556-4 

8,606-8 

1.476-4 

1.483-9 

1.4H2-7 

1.493-8 

1.864-8 

1.905-8 

1.929-4 

1.9630 

1.275-7 

1.305-5 

1.456-5 

1,456-5 

7.034-0 

7.200-6 

7.560-6 

7,697-7 

359-1 

359-1 

359-1 

359- 1 

1.925-0 

1.970-4 

1,974-1 

1.974-1 

604-0 

643-1 

W3-1 

613-1 

1.952-4 

1,952-4 

1.952-4 

1.952-4 

68-4 

68-4 

iiS'4 

68-4 

176,396-8 

180.817-9 

183,989-4 

186.685-0 

20.822-5 
4.603-8 
1.847-4 
1.232-8 
1.307-4 
1.223-5 
3.489-1 


34.526-5 


24,338-3 

22.554-3 
28.442-5 

33.994-6 
10.014-8 
4.375-2 


133-2 

,04t'*3 
782-6 
.549-7 
,043-1 
,515-6 
,815-1 
359-1 
.974-1 
604-7 


1,952-4 
68-4 


MILKS. 

1.683-3 
411-3 
74-6 
163-4 
91-3 
92-0 
77-1 


2,593-0 


1,419-8 

690-3 
1,830-0 

3.8S2-5 
205-0 
432-5 

139-2 

28fJ-6 
482-S 
73-3 
178-3 
239-9 
781-1 

49-1 
90-7 


189,774-5 


13.377-7 


p.  c. 

8-8 
9-8 
4-2 
15-3 
7-5 
8-1 
2-3 
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134.600 

29.300 
5.790 
7,530 
5,830 
5.600 

20.120 


8-1 


6-2 

3-2 
6-9 

12-9 
2-1 
11-0 

7-0 
12-3 

5-8 
5-0 
9-0 
18-8 
11-1 

2-5 
15-0 


208.770 


261.210 

121.240 
207.110 

2,081.170 

110.660 

11.390 

13.750 

15.990 

191,860 

35.750 

14.8^0 

124,450 

172.940 

18,650 

50.700 

24.980 

103.090 
420 


7-6    I  3.769.000 


34.473 
6.176 
4.202 
2,169 
1.868 
1.719 
5.700 


15-5 
15-7 
31-9 
16-4 
22-4 
21-8 
17-3 


56.367 


47.118 

41,450 
38.962 

105,542 

32.475 

6,694 

5,341 
3.325 
17,961 
5.429 
2.449 
2.221 
5,136 
2.494 
5.913 
2,434 

9,824 
372 


391.507 


16-5 


9-3 

18-0 
13 

1-6 
9-1 
38-4 

15-5 
16-5 
4-6 
4-3 
13-7 
1-2 
4-5 
1 

3-9 
2-8 

1-9 
16-3 


6-1 


5-2 

5-4 
7-3 

3-2 
3-1 
6-5 

4-0 
7-9 
4-9 
2-9 
8-3 
6-S 
15.2 
1-4 
3-3 
2-9 

2-0 

1-8 


5-0 


4-8 
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open 

at  the  end 

of  1904 

COUNTRIES. 

1900 

1901 

1902 

J  903 

1904 

CO 

Ix 

Sou 

1 

mi 

H 

Is 

§1 

1 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

11.  —  America. 

MILBS. 

MILBS. 

p.  c. 

ROUND  FIGURES. 

20 

United  States  of  America. 

193,308-3 

197,198*2 

202.432-1 

207,935*6 

213,862*4 

20.554-1 

10-6 

2.993.480 

78.595 

7-1 

27-2 

«1 

Canada 

17,831-8 

18.290-4 

18.863*9 

19,074-0 

19.607*1 

1,775-3 

9-9 

3.385,470 

5.339 

0*6 

36*7 

a 

Newfoundland  .... 

641-3 

655*6 

655-6 

«)5-6 

667*4 

16*1 

2-5 

42,780 

214 

1-5 

30-7 

23 

Mexico 

9.065*4 

9.602*8 

10.357*2 

10.357*2 

12.077*8 

3.022*4 

33-4 

778,410 

14.545 

1*6 

8-3 

24 

Cent.  America :  Guatemala 
(400-2  mileal  Hondiiran 
(57-2inil.),  Salvador(9ft-9 
m.J.Nicaragaa  (155-3m.), 
CoBla  Rica  (293-9  m.).    . 

780-5 

829-5 

832*0 

945-7 

1,003*5 

^*0 

28-6 

25 

Greater   Antilles    iCubii, 
1.583-3mil.;Rep.  of  Do- 
minica, 116-8  m.:  Haiti. 
139«m.;Jamaica,liS-2m.; 
PortoRioo,  200*1  m.)    . 

1,557-2 

1,557*2 

1,685*2 

2,161*8 

2.225*2 

668*0 

42-9 

28 

Lesser  Antilles  (Martini- 
que. 139*2  miles;  Barba- 
does,  57*8  miles;  Trinity, 
88^  miles) 

2n-7 

277-7 

277-7 

285-2 

285-2 

7*5 

2-7 

27 

United  States  of  Columbia. 

400-2 

400-2 

400*2 

400-2 

410*7 

10-5 

2-6 

513340 

4.500 

0*06 

0*9 

28 

Venesuela 

633-8 

633*8 

633*8 

633*8 

633-8 

... 

... 

403,070 

2,445 

0*16 

2*6 

29 

British  Guiana  .          .     . 

54-7 

74-6 

74-6 

75-8 

75*8 

21*1 

38-6 

88,650 

295 

0-09 

2*6 

30 

Dutch  Guiana    .... 

... 

... 

... 

37*3 

37-3 

... 

... 

... 

... 

31 

Ecuador  

186*4 

186*4 

186*4 

186*4 

186*4 

... 

115,680 

1.400 

0-16 

1*3 

32 

Peru 

1.035-8 

1,035*8 

1,035*8 

1.0:^*8 

1,145-8 

110*0 

10-6 

439.010 

4.607 

0*26 

2*5 

33 

Bolivia 

621-4 

621*4 

656*6 

^-6 

701*6 

80*2 

12-9 

515,160 

2,269 

0-14 

3*1 

^ 

United  States  of  Brazil    . 

9,195*2 

9,196-2 

9,196*2 

9,368*0 

10,406*3 

1,211-1 

13-2 

3.228,470 

14,934 

0*3 

7*0 

35 

Paraguay 

157*2 

157-2 

157*2 

157-2 

157*2 

... 

97,730 

636 

0*16 

2*5 

36 

Uruguay 

1,144*0 

1.144*0 

1,210*5 

1,210-5 

1,210-5 

66-5 

5-8 

69.000 

931 

1-8 

13*0 

37 

Chili 

2,849*7 

2379*5 

2,885-1 

2385-1 

2.885*1 

35-4 

1-2 

599.630 

3.314 

0-96 

8*7 

38 

Argentine  Republic    .     . 
Total  for  America.    . 

HI.  -  Asia. 

10,171*4 

10,418-7 

10.418*7 

10.797*7 

12.409-6 

2.238-2 

22-0 

1,114,180 

4,894 

1*1 

25*4 

249,902*0 

255.158*2 

261,956*8 

268.821*2 

279,978*7 

30,076-7 

12*0 

... 

... 

39 

Central  Russia  in  Asia  . 

1.668*4 

1,658-4 

1,668*4 

1.668*4 

1.658*4 

... 

... 

214,260 

7,740 

0-8 

2-1 

40 

Siberia  and  Manchuria    . 

3,852*5 

5.664-5 

5,664*5 

5.664*5 

5.664*5 

l,S12-0 

47-0 

4333,590 

5,773 

0*12 

9-8 

41 

China 

401*4 

768-0 

942-0 

1,175-7 

1,227-8 

826-4 

206-9 

4.278,550 

357,250 

0-03 

0-03 

42 

Corca 

26-1 

26*1 

37.3 

37-3 

535-6 

509*5 

1,952-4 

84.400 

9,670 

0-63 

0*6 

43 

Japan  

3.661-2 

4,070*1 

4,236*0 

4,365*8 

4,648-6 

987*4 

27-0 

161.160 

46,542 

2*9 

1*0 

44 

British  India 

23,758*6 

25,367*9 

25.925*9 

26,960*6 

27,550-5 

3.800*9 

16-0 

1.956.^0 

294,906 

1*4 

0*93 

45 

Ceylon 

297*0 

297*0 

368*5 

391-5 

391-5 

94*5 

31-8 

24,670 

3,687 

1-6 

1-1 

46 

Persia 

33*6 

33*6 

33*6 

33-6 

33-6 

... 

635,160 

9.000 

0-006 

0-04 

47 

Asia  Minor  and  Syria  with 
Cyprus  (36  miles).     .     . 

1.715*0 

1.715*0 

1,715*0 

2,008-9 

2,152-5 

437*5 

25-5 

666,500 

19.568 

0-3 

1-1 

4^* 

Portuguese  Indies  .     .     . 

51*0 

51*0 

51*0 

51-0 

51-0 

... 

1,430 

572 

3-6 

0-9 

49 

Malay  Archipelago  (Bor- 
neo, Celebes,  etc.)    .     . 

2^*8 

272*8 

272*8 

400-2 

446-8 

174*0 

63-8 

33,280 

719 

1-3 

6-2 

50 

Dutch  Ind.(  Java,Sumatra) 

1,301*2 

1,383-8 

1.384*4 

1.430-4 

1.430-4 

129-2 

9-9 

231.280 

29,577 

0-6 

0-5 

51 

Siam 

203*2 

237-4 

331-8 

425*6 

446*2 

243-0 

119-6 

244.410 

9.O0O 

0-18 

0*5 

52 

Cocbinctiina,  Camboja,  An- 
nam.  Tonkin  (1,490-1  m.); 
Pondicherry  (59ro.1,  Ma- 
lacca (57*2  m.),  Philip- 
pine Islands  (121-8  m.). 

Total  for  Asia.    . 

238-0 

268*4 

1.728-1 

1,728*1 
46321*6 

1,728-1 
47,974-5 

i,4ao-i 

628-1 

37.470*0 

41314*0 

44.349-3 

10,504-5 

28-0 

... 

V.  XI 
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MILEAGE   OPEN    ON    DECEMBER    31 
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1 

Of  an 
at  tin  Mi 
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1900  AND  1904 

so 

1 

s 

1 

of  1904 

1900 

1901 

1902 

1903 

1904 

CO 

a' 

t 

^6 

0 

£ 

S 

§1 

-  "i 
1 

u 

t 

1 

i 

3 

4 

5 

6 

7 

8 

9 

Ifi 

11 

12 

13 

IV.  -  AfMea. 

MILB8. 

MILES. 

P.C. 

ROUND  FIOURBS. 

53 

Egypt 

2,086-6 

2.8S6-9 

2.952-8 

2.952-8 

3.233-7 

1,147-1 

55-0 

383,920 

9,S33 

0-8 

3-3 

54 

AlKifTsandTunis 

2.041*5 

3.041-1 

3,041-1 

3.041-1 

3,041-1 

399-6 

15-1 

346,500 

6,695 

0-9 

4-5  1 

6ft 

Congo  Free  State  .     . 

275-9 

275-9 

275-9 

275-9 

297-1 

21-2 

7-7 

... 

56 

AbyHSluia    .... 

183-9 

2:0-7 

233-7 

233-7 

... 

... 

«  ^  ^  /  ^ape  Colony 
.2^1       Natal       .     . 

2.9:n-3 

2,937-3 

2,9«2-0 

3,510-K 

.3.510-8 

573-5 

19-5 

303.800 

1,766 

1-2 

19-9 

67 

736-3 

736-3 

736-3 

7:»-3 

736-3 

... 

27,380 

778 

2-7 

9-5 

■"  |i;      Transvaal    . 
»^<'     Orange  Colony 

1.202-4 

1,207-4 

1,202-4 

1,334-7 

1,3.34-7 

132-3 

11-0 

119,160 

867-9 

l-l 

15-4 

596-5 

596-5 

596-5 

596-5 

596-5 

50.620 

i08 

1-2 

28-7 

Colonies  : 

58 

Oennany  (German  Kas 
Africa,  80-8  miles;  Ger 
man  South  "West  Afrl 
ca,   443    miles;    Togo 

L 

28  miles)  .     .     . 

186-4 

292-0 

292-0 

292-0 

551-8 

365-4 

196-0 

... 

... 

5U 

England    (British    Eas 
Africa,  .581 -em.;  Siern 

t 

I 

Leone,  225'5  m.:  Oolc 

! 

Cousi,  167-8  m.;  Lagos 

126-8  miles;  Mauritius 

116-8  miles)    .     .     . 

549-3 

895-4 

933-9 

1,167-6 

1,218-5 

669-2 

121-8 

60 

France (French  Soudun 
5?3'8  m.;  French  Somal 
Coaai,  99-4  m.;  Mada 
guscar.    82    m.:    Reu 
niou,  78-9  miles).     . 

r 
1 

6835 

720-8 

720-8 

784-1 

784-1 

100-6 

14-7 

... 

... 

61 

Italy  (Erythre^i,  47-2  m.) 

16-8 

16-8 

16-8 

16-8 

47-2 

30-4 

181-5 

... 

... 

62 

Portugal  iAngola^7-4m 
Mofcimbique,  279  m.) 

Total  for  Africa. 
V.  -  AHttraHa. 

• 

586-0 

5*^-0 

616-4 

616-4 

616-4 

30-4 

5-2 

12,498-5 

14,187-4 

14,550-8 

15,558-7 

16.201-9 

3.703-4 

29-6 

... 

... 

... 

63 

New  Zealand    .     .     . 

2,f80-5 

2.340-8 

2.340-8 

2,403-5 

2,440-8 

160-3 

7-0 

104.640 

830 

2-3 

29-4 

64 

Victoria  

3,217-5 

3.236-8 

3,302-0 

3.382-8 

3.382-8 

165-3 

5-1 

88,420 

1.201 

3-8 

2H-2 

65 

New  South  Wales.    .     . 

2.810-5 

2,S44-7 

3,024-9 

3,138-0 

3,2S0-3 

469-8 

16-7 

308.5.50 

1,370 

l-I 

>3-9 

66 

South  Australia    .     . 

1.882-1 

1,K^-1 

1.882-1 

1.900-8 

l,»0-8 

18-7 

1-0 

904.130 

363 

0-2 

.52-4 

67 

Queensland.     .     .     . 

2,800-6 

2,8(.0-6 

2.800-6 

2.927-3 

2,927-3 

126-7 

4-^ 

668.,520 

485 

0-4 

an-4 

(58 

Tasmania    .... 

470-1 

479-1 

618-9 

620-2 

t>20-2 

141-1 

29-3 

26,220 

172 

2-4 

36-1 

m 

"West  Australia     .     . 

1,363-3 

1,977-2 

1,977-2 

2.144-4 

•2,lt9-3 

8ij6'0 

59-1 

975,830 

412 

0-2 

52-7 

;o 

Hawal  (24-9  miles)  vith 
the  ifftes  Man  1(6-8  miles 

) 

and  Oahu  (56-5  miles) 
Total  for  Amtraiia  . 

S8-2 

88-2 

88-2 

S8-2 

88-2 

... 

... 

6,830 

109 

1-3 

8-1 

14.921-8 

15,649-5 

16,034-7 

16,605-2 

16,809-7 

1.8S7-9 

12-6 

.3.083,140 

4.W2 

0-5 

34-0 

••oapltulatlon. 

1 

Europe 

America  . 

176,396-8 

180.S17-9 

183,989-4 

186.685-0 

189.774-5 

13.377-7 

7-6 

3,760,000 

391,507 

5-0 

4-8 

II 

249,902-0 

25.5.158-2 

261.956-8 

268.821 -2 

279.978-7 

30.076-7 

12-0 

... 

... 

... 

... 

III 

Asia   ..... 

37,-l70-0 

41,814-0 

44,349-3 

46,.-«l  -0 

47,974-5 

10.504-5 

28-0 

... 

... 

... 

... 

IV 

Africa 

12,498-5 

14.1K7-4 

14.55(1-8 

15..->58-7 

10.201 -9 

3,703-4 

29-6 

... 

... 

... 

V 

Australia     .... 
Total  tor  the  whoUworld 

14.921-8 

1.5,649-5 

16.(i:<4-7 

lC,G()6-2 

10,809-7 

1.887-9 

12-6 

3,08:^.140 

4,942 

0-5 

34-0 

.     491.189-1 

507,627-0 

520,881-0 

533,991-7 

550.739-3 

59,550-2 

12-1 

... 

Pei-cfntoQe  oftncrease  ot 

I 

the  ptecrdinfl  year     . 

2-2 

3-4 

2-6 

... 

... 

"' 

... 
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Tabl6  n. 
Cotistruction  cost  of  the  railways  in  different  countries. 


Mileage 


Oonttruotion  capital 


COUNTIIES  AND  RAILWAY  SYSTEIS. 


to  which 

the  data  as  lo  the  cost 

apply. 


total. 


per 
kilometre. 


per  mile. 


10 


12 


14 


15 


16 


I.  - 

Germany  : 
The  entire  system 

Aastro-Hungory : 
Austria :  The  entire  Hysiem  . 
Hungary  :  The  entire  system 

Belgium  : 
Belgian  State 

France 

Switzerland : 
The  entire  system 

Great  Britain  and  Ireland  : 
The  entire  system 

Russia  (without  Finland) : 

The  entire  system 

Finland :  State  railways    .    . 

Norway  : 
The  entire  system 

Sweden  : 

State  railways 

Private  companies    .... 

Italy: 
The  entire  system.    ... 

Roumania : 
The  entire  system 

Servia : 
Slate  railways 

Bulgaria  : 
State  railways 

Spain : 
Northern  railway 

Netherlands  : 
The  entire  system 

Denmark : 
State  railways 

Total  and  average. 


lOOl 


1901 
Dec.  31.  1903 


1903 
1902 


1903 


1902 


190*2 
1902 


1903-1904 


1903 
1903 


1902 


1903-1904 


1903 


1903 


1900 


1897 


19C'3-1904 


33,S94 

1?,813 

lUoai 

2,.5?0 
27,740 

2,336 

22,148 

36,684 
1.678 

1,318 

2,554 

4,817 

9.961 
1,975 
336 
751 
2,272 
1,663 
1,139 


177,494 


14.011,000.000 

.5.77l.000.0(X) 
2,910.000,000 


1.679,000,000 
14.162.000,000 

1,082.000.000 

24.337,000,000 

ll.638,000,t)00 
224,000.000 

225/)00,000 

471.000.000 
445.000,000 

4,529,000,000 

716.COO.000 

100,000,000 

122,000,000 

900.000.000 

574,000,000 

215,000.000 


&1,1 11,000,000 


I 

700.550,000 

28S,550,0C0 
145,500.000 

?3,950,000 
708,100,000 

54,100,000 

1,216,^0,000 

581.900,000 
11,200.000 

11,250,000 

23,550,000 
22,250,000 

226.450.000 

^,800,000 

5.000.000 

6,100.000 

45,000,000 

28,700,000 

10,750,000 


4,205,550,000 


262,284 

279,855 
164,165 

418.274 
317,229 

266,711 

682.806 

197,128 
81,600 

1C6.080 

114.519 
57.392 

282,540 

225,173 

1^,193 

101,042 

246,098 

215,614 

117,214 


294.461 


X 

21,105 

22,519 
13,210 

33,657 
25.526 

21,461 

54.942 

15,862 
6,566 

8,534 

9,215 

4.618 

22.735 
18.119 
14.902 

8,1.10 
19.802 
17.350 

9,432 


23,694 
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COUNTRIES  AND  RAILWAYS  SYSTEIS. 


Time 


Mileage 


to  -which 

the  data  as  to  the  cost 

apply. 


ConttniotloR  capital 


Other  parts  of  the  globe* 

1  United  States  of  America     .    .    , 

2  Canada  

3  Uruguay 

4  Chili :  State  railways 

5  Argentine  Republic 

6  British  India 

7  Japan 

8  Siam 

9  Java  

10  Algiers  and  Tunis  .    .    .    .        . 

]\  Cape  Colony 

12  Nutal 

13  Sierra-Leone 

14  Gold  Coast 

15  Lagos 

16  Colony  of  New  Zealand   .    .    .    . 

17  —     of  Victoria 

18  -     of  New  South  Wales    .    . 

19  —     of  South  Australia   .    ,    . 

20  —     of  Queensland 

21  —     of  Tasmania 

22  —     of  Western  Australia  .    . 

ToUil  and  average. 


June  30. 1904 

-    30.  1904 

1898-1899 

December  31,  1898 

1902 

Decembar  31,  1904 

March  31.  1904 

1904-1905 

1893 

December  31.  190? 

-  31, 1904 

-  31. 1902 
1903 

1903 

1903 

March  31.  1904 

June  3;).  1904 

-  30.1904 

-  30.1904 

-  30.1904 
December  31, 1903 

June  30.  1904 


213,862 

19,607 

997 

1.375 

10,798 

27,560 

4.494 

190 

607 

2,270 

2.561 

635 

222 

170 

125 

2.328 

3,383 

3,280 

1.736 

2,927 

•162 

1,541 


lUrki 

(iMnd  iiim<«a). 

55,495,000,000 

4,983,000,0a') 

221.000,000 

316,000,000 

2.272.000,000 

4,730,000,000 

769.000.000 

22,000.000 

124.000.000 

546.000.000 

544.000,000 

189,000.000 

20.000.000 

36,000,000 

18,000.000 

422.000,000 

841.000,0a) 

863,000,000 

276.ai0.000 

426,000,000 

79,000,000 

183,000,000 


2.774,750,000 

249,150.000 

11.050.000 

15,800.000 

113,600.000 

236.500.000 

38,450,000 

1,100.000 

6.200.000 

27.300.000 

27,200.000 

9,450.000 

1.000.000 

1.800,000 

900,000 

21.100.0CO 

42,fJ60.C00 

43.150.000 

13,800,000 

21,300,000 

3,950,r«0 

9.150,000 


Markf. 

167,752 
157,934 
137,816 
140.454 
130,736 
100.654 
106.580 

72,898 
135,718 
147.433 
131,884 
1&.070 

53,600 
128,000 

88.000 
113,816 
154.566 
163,428 

98,703 

90.450 
106,640 

73,967 


301.130  73,375.000,000  3.668.750.000   151,409  12.183 


13.498 
12.708 
11.069 
11.302 
10,520 
8.582 
8.576 
5.866 
10.921 
11.883 
10.612 
14.892 
4.313 
10.300 
7.061 
9,158 
12,437 
13.150 
7,942 
7.278 
8.581 
5.952 
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2.  —  TJuion  Pacific  motor  car  ITo.  7. 

Fifj.  1.  p.  1473. 
{The  Railtcaj/  Age.) 

Supplementing  the  description  of  Union  Pacific 
motor  car  No.  7  published  in  The  Railway  Age  of 
April  13,  some  further  information  as  to  construction 
and  service  furnished  by  the  courtesy  of  Mr.  W.  R. 
McKeen,  Jr.,  superintendent  of  motive  power  and 
machinery,  is  given  herewith. 

This  car  is  of  the  same  general  design  as  those  that 
have  preceded  it,  and  which  are  in  successful  service 
in  various  parts  of  the  country ;  there  are,  however, 
some  new  features  which  are  shown  in  the  accom- 
panying engravings.  As  shown  in  the  previous  article, 
the  car  is  furnished  with  side  entrance.  The  door 
apertures  are  worked  into  the  side  of  the  car  without 
weakening,  by  means  of  patented  steel  framing,  incor- 
porating an  uninterrupted  depressed  side  sill.  By  the 
slightly  increased  thickness  of  side  plates  and  the  addi- 
tional strength  secured  in  this  framing,  a  great  increase 
in  the  strength  of  car  is  obtained.  The  roof  is  9  inches 
lower  than  in  the  previous  motor  cars,  and  yet  the 
ventilation  is  said  to  be  equally  good. 

The  square  design  of  window  has  been  done  away 
with,  and  air,  water  and  dust  proof  round  window 
sash  has  been  substituted.  The  appearance  is  similar 
to  that  of  the  porthole  of  a  vessel,  and  the  arrangement 
keeps  out  all  the  elements,  which  is  almost  impossible, 
even  with  the  double  sash  of  the  finest  Pullman  cars. 
By  the  use  of  round  windows  and  the  elimination  of 
large  wooden  posts,  a  gain  of  8  inches  is  made  in  the 
interior  dimensions  of  this  car. 

The  car  embraces  all  the  latest  developments  and 
improvements  in  motor  car  construction,  among  which 
is  the  cast  steel  engine  bed  truck  frame  combination 
casting,  called  a  **  skirk,  "  which  is  a  large  factor  in 
developing  the  practical  side  of  the  motor  car  in 
everyday  service.  The  power  is  transmitted  from  the 
crankshaft  by  use  of  chain,  cast  steel  gears  being  used 
for  putting  the  car  in  motion.  There  are  only  two 
speeds  —  one  with  gear  running  car  up  to  10  miles  an 
hour,  which  is  by  means  of  an  **  octoroon  '*  clutch, 
which   may  be   thrown  out  of  mesh  and  the  engine 
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oonnf^tod  up  direct  with  the  driving  axle.  Air  pressure  is  used  for  starting  the  engine,  for 
whistle  signals,  for  operating  the  clutch  mechanism  and  air  brake.  An  auxiliary  air  pump 
has  been  applied,  for  emergency  in  case  of  any  shortage  of  air,  which  ordinary  is  supplied  by  a 
small  air  pump,  driven  from  the  main  engine  cranck  shaft. 

Car  No.  7  has  built  up  veneered  wood  seats,  with  a  semicircular  seat  at  rear,  as  in  the  other 
cars.  The  seating  capacity  is  75.  The  interior  is  finished  in  English  oak.  The  total  weight  is 
58,000  pounds  and  the  length  55  feet. 

The  gearing  is  arranged  for  a  speed  of  50  miles  an  hour,  and  in  preliminary  tests*  around 
Omaha  and  vicinity  this  speed  has  been  attained.  After  running  around  the  Omaha  yards  and 
vicinity  for  the  purpose  of  limbering  up  machinery,  etc.,  the  car  was  given  its  first  long  distance 
trial  April  14  and  15.  On  April  14  it  left  Omaha  as  the  second  section  of  train  No.  1,  the 
Overland  Limited.  The  motor  car  gained  on  No.  1  to  such  an  extent  that  at  Fremont,  46  miles 
from  Omaha,  the  motor  car  was  held  on  the  block  six  minutes.  Owing  to  a  heavy  wind  and 
meeting  trains  from  this  point  on,  some  time  was  lost  on  No.  Ts  schedule.  However,  the  total 
time  of  the  motor  car  from  Omaha  to  Grand  Island  was  5  hours  and  12  minutes,  with  a  delay  of 
40  minutes  on  account  of  orders,  meeting  trains  etc.,  the  actual  running  time  for  the  153'6  miles 
being  4  hours  32  minutes,  or  34  miles  per  hour.  There  was  no  delay  whatever  on  account  of  the 
motor  car,  and  the  machinery  was  in  almost  constant  motion  from  Omaha  to  Grand  Island. 

On  the  return  trip  on  April  15  a  speed  run  was  not  attempted,  and  the  car  was  delayed  over 
three  hours  for  orders,  meets,  etc. ,  in  addition  t^  a  slight  delay  on  account  of  a  hot  bearing.  The 
actual  running  time  from  Grand  Island  to  Omaha  was  4  hours  and  10  minutes,  or  36*3  miles  per 
hour.  The  run  from  Elkhom  to  South  Omaha,  24*3  miles,  was  covered  in  36  minutes,  or  at  the 
rate  of  42  miles  per  hour.     A  maximum  speed  of  53  miles  per  hour  was  attained  on  this  trip. 


[  «2S  .241  ] 

3.  —  200,000  lb.  capacity  flat  car. 

FigB.  2  to  6.  pp.  1477  and  1478. 
(America))  Engineer  and  Railroad  Joiintal.) 

The  desire  to  ship  heavy  castings  and  parts  of  large  engines  which  often  individually  weigh 
more  than  100,000  lb.  led  the  AUis-Chalmers  Company,  of  Milwaukee,  to  request  the  mechanical 
department  of  the  Chicago,  Milwaukee  &  St..  Paul  Railway  to  design  for  them  some  flat  cars 
capable  of  carrying  220,000  lb.  This  work  was  turned  over  to  Mr.  James  F.  De  Voy,  mechanical 
engineer,  who,  in  connection  with  Mr.  A.  E.  Manchester,  superintendent  of  motive  power,  and 
Mr.  J.J.  Hennessey,  master  car  builder,  has  designed  the  car  shown  in  the  illustrations  herewith, 
two  of  which  have  been  built  at  the  West  Milwaukee  shops  of  the  road. 

In  the  original  discussion  of  the  general  features  of  the  design,  it  was  decided  that  the  car 
should  have  standard  M.  C.  B.  parts  as  far  as  passible,  so  that  it  could  be  easily  repaired  any- 
where in  the  United  States.  This  was  particularly  desirable  in  connection  with  wheels,  axles, 
journal  boxeij  and  truck  parts.  Following  up  that  idea,  it  was  decided  to  use  two  100,000  lb. 
standard  trucks  under  each  end  of  the  car,  those  to  be  connected  by  a  heavy  cradle,  in  the  centre 
of  which  would  be  the  bearing  for  the  car  body,  and  under  which  the  trucks  would  have  free 
movement. 

This  cradle  connecting  the  two  trucks  consists  of  two  short  but  very  strong  and  carefully 
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designed  bolsters  resting  upon  the  truck  bolster,  which  are  connected  by  two  heavy  cast-steel 
side  bars,  in  the  centre  of  which  is  a  cast-steel  bolster  on  which  the  car  body  rests.  This  design 
is  shown  very  clearly  in  the  illustrations  and  its  remarkable  simplicity  and  strength  are  apparent. 
The  bolsters  resting  over  the  trucks  are  broad  and  the  truck  centre  bearing  is  located  as  high  as 
possible,  the  strength  being  obtained  by  the  deep  flanges  extending  down  on  either  side  of  the 
truck  bolster.  The  side  bars,  which  are  5  inches  square  at  the  ends  where  they  connect  to  end 
castings,  are  gradually  made  deeper  and  narrower  until  they  measure  4  inches  thick  and 
14  inches  deep  at  the  centre,  the  top  at  the  centre  being  depressed  2  inches  for  a  distance  to 
accommodate  the  centre  castings.  This  centre  casting  is  of  steel  and  made  deep  and  heavy,  as 
it  has  to  support  a  weight  of  100,000  lb.  besides  half  of  the  car  body.  The  lips  passing  over  the 
side  rails  are  extended  beyond  and  form  a  bearing  for  the  side  bearings.  The  centre  plate, 
which  is  cast  integral  with  the  bolster,  is  sunk  down  as  low  as  possible,  its  bearing  surface  being 
4  inches  below  the  level  of  the  side  rail.  This  cradle  spaces  the  trucks  at  8  ft.  9  in.  centres, 
giving  them  room  to  curve  freely.  The  bolsters  over  the  trucks  are  given  very  slight  side 
clearance,  so  that  the  rocking  tendency  at  this  point  is  very  small. 

The  car  body,  which  measures  40  feet  over  end  sills,  is  of  simple  but  very  strong  design,  and 
consists  essentially  of  four  15-inch  100  lb.  I-beams  running  continuously  from  end  sill  to  end 
sill,  the  two  forming  the  centre  sills  being  spaced  12  '/g  inches  between  webs  and  the  two  side 
sills  at  8-feet  centres.  The  centre  sills  are  located  1  inch  lower  than  the  side  sills.  These  are 
connected  at  the  ends  by  15- inch  55  lb.  channels  with  the  flanges  outward,  which  are  fastened  to 
the  sills  with  very  heavy  corners  irons  securely  riveted.  For  adding  stiffness  and  strength  at  the 
corners,  there  are  \'2  by  18-inch  gusset  plates  across  the  corners,  and  1  by  8-inch  diagonal  braces 
from  the  end  sill  to  the  centre  sill.  At  ten  equally  distant  points  there  are  8-inch  21  */4-lb. 
channel  irons  fitted  between  the  centre  and  side  sills  and  securely  fastened  to  both  by  angle  irons 
in  the  corners.  At  these  points  1  by  8-inch  flanged  plates  are  fitted  between  the  centre  sills. 
These  cross  channels  are  located  with  their  upper  flanges  4  inches  below  the  top  flange  of  the  side 
sill  and  six  4  by  4-inch  wooden  nailing  strips  running  from  end  sill  to  end  sill  are  fastened  to 
them  and  the  floor  of  2  */i-inch  wood  is  nailed  to  these  strips. 

Because  of  the  height  of  this  car,  which  is  4  ft.  4  */«  in.  from  top  of  floor  to  rail,  it  was  neces- 
sary to  cut  out  but  a  small  section  of  the  bottom  of  the  end  sill  for  the  coupler  shank  to  pass 
through,  and  at  this  point  a  heavy  ribbed  malleable  casting  acting  as  a  stiffener  has  been  fitted. 
On  the  outer  end  of  each  end  still,  are  also  heavy  malleable  iron  push  pocket  plates. 

The  car  bolster,  which  is  located  8  ft.  9  in.  from  the  inside  of  the  end  sill,  consists,  as  is 
clearly  shown  in  the  cross-section  of  the  car,  of  a  very  heavy  trussed  steel  plate  design.  Extend- 
ing across  the  top  of  the  two  centre  sills  and  flanged  downward  and  riveted  to  the  inside  of  the 
web  of  the  side  sills  are  two  1  by  10  inch  plates  spaced  12  inches  apart.  Passing  below  the 
centre  sills  and  extending  upwards  to  the  connection  of  these  cover  plates  at  the  side  sills,  at 
which  point  it  is  flanged  down  and  securely  riveted  to  both,  are  two  1  */a  by  10  inch  plates. 
Diagonals  are  carried  from  the  bottom  of  the  side  sills  and  from  the  top  of  the  centre  sills  to 
these  heavy  trusses.  The  centre  plate  of  hesivy  cast  steel  fits  and  is  fastened  to  the  bottom  of 
the  centre  sills  and  the  bolster  trusses,  as  is  clearly  shown  in  the  cross  sections.  The  side 
bearings  are  simple  castings  fastened  to  the  body  bolster  and  bearing  on  the  extension  of  the 
centre  truck  bolster  mentioned  above. 

One  of  these  cars  has  been  tested  for  curving  and  it  was  found  that  it  would  take  a  16-degree 
curve  without  trouble.  It  is  believed  that  they  will  take  any  curve  over  which  other  cars  are 
operated. 


Digitized  by 


Google 


—  U76  — 

We  are  indebted  to  Mr.  James  F.  De  Voy,  mechanical  engineer  of  the  Chicago,  Milwaukee 
&  St.  Paul  Railway  for  the  drawings  and  photographs  shown  herewith. 
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4.  —  30-ton  ironstone  wagon;  Korth-Eastern  Railway. 

Figs.  7  to  12,  pp.  1479  to   1482. 
{The  Railway  Engineer.) 

We  are  indebted  to  Mr.  Wilson  Worsdell,  M.  Inst.  C.  E.,  chief  mechanical  engineer  of  the 
North-Eastesn  Railway,  for  the  accompanying  drawings  of  the  30-ton  hopper  wagons  which  he 
has  recently  designed  especially  for  carrying  ironstone.  The  general  dimensions  of  these 
-wagons  are  the  same  as  those  of  the  North-Eastern  standard  23  ton  coal  wagons,  but  on  account 
•of  the  heavier  load  carried  and  the  low  tare  weight,  the  details  of  the  construction  are  of  parti- 
cular interest. 

The  four-wheeled  high  capacity  wagon  has  several  advantages,  especially  in  this  country,  but 
we  do  not  think  any  one  has  ever  gone  so  far  in  this  direction  before.  The  tare  weight  is 
11  tons  i8  cwt.;  the  net  weight  or  paying  load  30  tons,  or  252  times  the  tare,  and  the  gross 
weight  41  tons  18  cwt.,  or  3*52  times  the  tare,  or  in  other  words  the  tare  weight  is  39*7  per 
cent  of  the  net  weight  and  28*4  per  cent  of  the  gross  weight.  These  figures  reflect  the  great 
credit  on  the  design,  especially  as  the  wagons  are  fully  equipped  with  the  rapid-acting  vacuum 
brake  as  well  as  hand  brake  levers  on  both  sides. 

Aile  loads  of  2095  tons,  separated  by  lengths  of  10  ft.  6  in.  and  12  ft.  6  in.,  have  not  hitherto, 
we  think,  been  used  in  this  country  in  regular  ordinary  traffic,  except  perhaps  with  locomotives 
when,  the  axles  being  nearer  together,  this  load  is  more  concentrated.  But  as  the  permanent 
way  of  our  principal  lines  is  constructed  and  maintained  to  support  very  heavy  axle  loads  tra- 
velling at  the  high  speeds,  it  is  not  likely  to  be  seriously  affected  by  the  axle  loads  of  these 
wagons  at  the  speed  at  which  they  travel.  On  the  branch  lines,  the  permanent  way  is  weaker, 
but  the  speeds  are  lower,  and  it  is  well  known  that  in  America,  very  heavy  axle  loads  are  con- 
tinuously and  safely  passed  at  low  speeds  over  much  lighter  and  weaker  permanent  way  than  is 
to  be  found  on  any  of  our  branch  lines. 

These  wagons  are  used  for  the  iron-ore  traffic  of  the  Cleveland  district,  the  economical  working 
of  which  is  a  matter  of  the  first  importance  to  the  North-Eastern  Railway.  A  considerable 
number  of  them  have  lately  been  built  at  the  company's  new  wagon  works  at  Shildon,  near 
Darlington.  They  are  constructed  almost  entirely  of  steel.  The  bottoms  of  the  hoppers  consist 
of  four  doors,  so  that  the  wagons  will  discharge  themselves  almost  as  fast  as  the  doors  can  be 
opened. 

The  principal  dimensions  and  scantlings  are  as  under  : 

Length  over  the  buffers,  23  feet;  length  of  wheel  base,  10  ft.  6  in.;  length  over  the  head- 
stocks,  20  feet ; 

Width  between  the  longitudinals,  4  ft.- 2  */«  in.;  between  the  sole  bars,  6  ft.  2  in.;  between 
the  centres  of  springs  and  centres  of  journals,  (i  ft.  7  Vh  in«; 

Body,  at  the  top,  inside  19  ft.  11  '/«  in.  long  by  7  ft.  6  Vs  in.  wide  by  5  ft.  6  ^U  in.  deep; 
over  the  curb  angle,  20  ft.  5  in.  by  8  feet;  at  the  bottom  of  hopper,  9  ft.  5  Vi  in.  by  4  ft. 
2  V«  in.; 
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Fijr.  4.  —  Sertioiis.  elevations  and  plan  of  cradle. 
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rig.  5.    -    Sections  and  end  elevation. 


FiiT.  6.  —  View  of  trucks  and  cradle. 
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Bottom  doors  (4),  each  4  ft.  8  Vie  in.  by  2  ft.  *5/^b  in.;  total  area  about  39  square  eet 

Height  of  top  of  body  above  rails,  9  ft.  10  in.; 

Headstocks,  15  by  4  inches  by  **/i6  i»ch  channel ; 

Sole  bars  and  cross  bearers,  10  by  4  inches  by  ^/j  inch  channel ; 

Longitudinals,  10  by  4  inches  by  **/i«  inch  angle; 

Central  cross  bearer  and  central  longitudinal,  10  inches  by  ^[^  inch  and  2  inches  bulb; 

Diagonals,  3  by  3  inches  by  s/^  inch  angle ; 

Sides  and  ends,  */*  inch  plate ;  bottom  doors,  ^/^c  inch  plate; 

Curb-angle,  3  by  2  '/« inches  by  »/«  inch ; 

Body  stiffeners  and  end  stanchions,  4  by  3  inches  by  ^/s  tee ; 

Body  joint  covers  4  inches  by  */*  inch,  strip ; 

Rivets,  ^U  inch  diameter,  pitched  about  4  inches ; 

Wheels,  3  ft  1  in.  diameter,  cast  steel  centres,  with  8  spokes;  retaining  rings  fastened  with 
8  rivets ;  tyres,  5  ^U  inches  wide  by  3  inches  thick ; 

Axles,  journals  5  */j  inches  diameter  by  13  Vi  inches  long;  wheel  seat,  7  by  7  inches  diameter 
at  middle,  6  *U  inches,  centre  to  centre  of  journals,  6  ft.  7  */^  in. ;  between  the  tyres,  4  ft. 
5  5/g  in.; 

Bearing  springs,  11  plates  5  inches  by  s/3  inch;  span  unloaded,  3  ft.  6  in. 

On  reference  to  the  drawings,  it  will  be  seen  that  the  sole  bars  and  the  longitudinals  are  not  on 
the  same  horizontal  plane.  They  are  connected  at  the  ends  by  the  headstocks  which  are  deep 
enough  to  receive  them  and  by  pairs  of  bent  plates  s/s  inch  thick,  placed  back  to  back  2  inches 
apart,  and  by  the  bent  plates  which  carry  the  ends  of  the  buffer  rods  and  receive  the  buffing 
through  the  springs.  The  end  of  the  underframe  is  covered  by  a  ^Im  inch  plate  flanged  at  the 
ends  and  riveted  to  the  sole  bars;  it  is  also  riveted  to  the  longitudinals,  diagonals,  and  drawbar 
cross  bearer.  Thei'e  are  two  principal  cross  bearers  of  channel  section  back  to  back  9  ft.  5  Vs  in. 
apart  connected  to  the  longitudinals  with  angles,  thus  forming  the  bottom  frame  of  the  hopper 
and  enclosing  the  space  for  the  bottom  doors,  and  which  is  divided  into  four  by  a  central  cross 
bearer  and  a  central  longitudinal,  to  which  the  doors  are  hinged,  of  bulb  section  connected  at  the 
centre  with  angles,  as  shown  on  the  drawing. 

The  doors  are  of  plates  riveted  to  the  underside  of  frames  welded  up  solid  out  of  2  V2  inches  by 
*/s  inch  iron  and  are  further  strengthened  by  the  hinge  bars  —  made  in  one  piece  for  each  door  — 
being  riveted  to  their  lower  side.  The  hinge  bars  have  projections  which  rest  on  pawls  keyed 
on  shafts  carried  on  brackets  off  the  longitudinals  and  controlled  by  *'  monkey-tail  "  levers, 
which  work  between  the  pairs  of  flanged  plates  (before  mentioned),  connecting  the  longitudinals 
and  the  sole  bars,  and  are  secured  with  cross  pins. 

The  side  plates  are  riveted  to  the  sole  bars  and  stiffened  and  joined  with  three  Ts  on  the  inside 
and  covering  strips  on  the  outside.  The  ends  are  stiffened  with  two  similar  Ts  and  also  sup- 
ported by  Ts  from  the  headstocks,  by  a  flanged  plate,  which  is  riveted  to  the  end  plates  and  to 
the  angles  tying  the  end  from  the  curb  angle  to  the  sole  bars,  and  by  longitudinal  plates  '/s  inch 
thick  from  the  end  stanchions  to  the  end  stiffening  Ts.  The  top  of  the  body  is  stiffened  with  an 
angle  curb  and  the  sides  are  tied  together  with  a  similar  section,  2  V«  by  3  inches  by  '/g  inch, 
angle. 

The  drawbar  pull  is  taken  direct  on  to  a  channel  cross  bearer  10  by  4  inches  by  Vs  inch, 
riveted  to  the  diagonals  through  a  pair  of  Spencer's  compound  india-rubber  springs,  the  draw- 
bar being  attached  to  a  cast  steel  washer,  as  shown. 
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The  buffers  are  Compound,  Spencer's  patent,  and  are  fitted  with  Spencer's  patent  india-rubber 
springs.  They  have  a  total  stroke  of  5  *  ^  inches,  the  last  inch  of  which  is  taken  up  by  a  concen- 
tric plunger  in  the  external  buffer  case,  thus  cushioning  the  final  blow  upon  the  headstock  by 
means  of  patent  plunger  springs  of  9  '/« inches  diameter  within  the  enlarged  part  of  the  case. 


I 
FiflTs.  11  and  12.  —  Arrangement  of  anti-friction  rolling  ;jrear  for  30-ton  ironstone^wagon;  North  Eastern  Railway.  | 

As  is  well  known,  the  Westinghouse  is  the  standard  brake  adopted  on  the  North  Eastern 
Railway,  but  it  was,  on  account  of  interchanging  with  other  companies,  considered  desirable  to 
fit  these  wagons  with  the  Vacuum  Brake  Company's  rapid-acting  brake.  Owing  to  the  size  of 
the  bottom  doors,  it  was  impossible  to  arrange  the  brake  and  its  gear  below  the  underframe  in  the 
ordinary  manner,  and  therefore  tlie  brake  cylinder  —  21  inches  diameter  —  is  slung  as  usual  by 
trunnions  from  and  between  the  stay  plates  above  the  underframe  under  one  of  the  sloping  ends 
of  the  body.  The  reservoir  is  further  under  the  body.  The  brake  shaft  crosses  the  end  of  the 
wagon  in  front  of  the  reservoir  and  is  in  two  lengths.  The  piston  rod  is  connected  by  links  to  a 
yoke,  the  ends  of  which  are  connected  to  the  levers  of  the  brake  shaft  so  that  the  pull  of  the  brake 
piston  is  equalised  between  the  two  pull  rods  which  are  connected  to  the  short  weigh  shafts  on 
either  side  of  the  wagon.  The  other  parts  of  the  rigging  and  the  connection  between  the  hand 
brake  levers  and  the  vacuum  brake  are  of  the  usual  kind  and  are  .clearly  shown  on  the  drawing. 
There  are  two  brake  blocks  to  each  wheel.  The  train  pipe  for  the  reasons  above  given  is  brought 
round  the  outside  of  the  side  of  the  body.  In  the  wagon  shown  in  the  figure  10,  the  hand 
brake  levers  are  across  the  ends.  This  arrangement  provides  an  **  eitherside  "  brake  at  diagonal 
corners. 
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The  most  interesting  feature  about  these  wagons  is  the  novel  arrangement  of  the  roller  bear- 
ings, designed  bj  the  Anti-Friction  Equipment  (Railways)  Company,  limited,  and  of  this 
Mr.  Woi*sdell  has  kindly  supplied  us  with  a  detail  drawing  (figs.  1 1  and  12). 

It  will  be  seen  that  the  weight  is  transmitted  on  to  the  bearing  spring  in  the  usual  manner,  but 
that  the  spring  buckle  sits  on  a  cast  steel  yoke  which  is  suspended  by  a  pair  of  wrought-iron 
straps  —  2  inches  by  '/^  inch  —  from  a  brass-lined  cast  steel  cap  having  a  bearing  on  a  gudgeon 
pin  3  */s  inches  diameter  by  6  ^U  inches  long,  and  which  carries  on  its  ends  two  cast  steel  rollers 
27  *ft  inches  diameter  by  2  inches  long,  and  these  rollers  rest  on  the  axle  journals. 

To  the  underside  of  the  cast  steel  yoke  carrying  the  spring  is  bolted  the  axle-box,  which  con- 
tains side  brasses  for  communicating  the  motion  of  the  wagon  through  the  axle  guards,  which 
are  double  but  of  the  ordinary  pattern,  in  the  usual  manner. 

The  rollers  make  one  revolution  to  five  by  the  axle,  and  the  gudgeon  carrying  tbem  being 
only  3  </5  inches  diameter,  its  surface  speed  of  the  frictional  speed  is  little  more  than  one-eighth 
that  of  the  axle  journal  and  the  statical  friction  is  reduced  in  a  cxjrresponding  degree. 


[  6r>6  .211.5  ] 

'  5.  —  Butterfly  station  platform  canopies  on  the  New  Tork  Central. 

FiRS.13ai)dl4,p.  1484. 
{The  Railway  Gazette.) 

The  accompanying  drawings  (figs.  13  and  14)  show  two  designs  of  station  platform  canopies 
which  will  be  used  on  all  outlying  stations  in  the  New  York  Central  electric  zone.  They  are  both 
of  the  inverted  type,  supported  by  a  single  row  of  posts  down  the  center  of  the  platform  and 
drainage  is  towards  a  single  gutter  over  the  posts,  the  water  being  carried  off  through  down 
spouts  inside  the  posts.  One  design  is  for  platforms  flanked  by  tracks  used  exclusively  for 
passenger  trains.  It  extends  out  to  within  4  feet  of  the  center  line  of  track  and  has  an  under 
clearance  at  eaves  of  14  ft.  10  in.  As  will  be  seen  from  the  outline  of  a  standard  passenger 
coach,  the  canopy  affords  almost  complete  protection  when  a  train  is  standing  at  the  station.  In 
this  design,  the  posts  are  made  up  of  four  light  angles,  latticed,  and  decreasing  in  size  at  the 
top  The  ridge  pole  is  a  similar  latticed  box  girder,  the  roof  carlines  are  light  plate  girders 
and  the  purlins  are  I-beams,  with  channels  at  the  eaves.  This  construction  gives  a  graceful  and 
pleasing  appearance  to  the  finished  structure.  • 

The  other  design  shown  is  for  station  platforms  flanked  by  tracks  used  for  both  freight  and 
passenger  traflic.  The  eaves  are  6  feet  from  the  center  of  the  track,  so  as  not  to  strike  men  riding 
on  box  cars.  A  somewhat  simpler  construction  is  used,  two  channels  placed  back  to  back, 
forming  the  posts  and  two  Z-bars  the  ridge  pole.  No  purlins  are  employed,  the  roof  boards  being 
nailed  to  nailing  strips  secured  to  the  tops  of  the  Z-bars  and  the  channel  eaves,  which  are  riveted 
to  the  ends  of  the  I-beam  oarlines.  Both  types  of  canopies  will  have  composition  roofing  laid  on 
the  roof  boards  and  deck  lamps  will  be  put  in  at  frequent  intervals  under  the  ridge  pole. 

Regarding  the  name  **  butterfly  canopy  "  which  has  been  adopted  by  the  railroad  company  an 
officer  writes  :  **  The  term  *  buttei-fly  canopy  '  is  expressive  of  the  inverted  type  of  umbrella  sheds. 
In  other  words,  the  term  *  umbrella  sheds  '  applies  to  all  classes  of  canopies  supported  by  a  single 
row  of  posts;  and  this  class  is  in  turn  sub-divided  into  two  types,  one  of  ordinary  *  A'  construction 
and  the  other  with  an  inverted  covering  which  appears  to  be  well  named  *  butterfly  *.  *' 
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The  advantages  claimed  for  the  butterfly  canopy  are  :  1°  better  opportunities  for  drainage  and 
avoidance  of  drip  from  the  eaves ;  2®  better  appearance ;  3^  better  protection  for  passengers,  espe- 
cially where  tracks  are  operated  exclusively  with  passenger  equipment,  for  the  reason  that  the 
outer  edges  of  the  canopies  project  over  the  car  far  enough  to  shield  the  platforms  from  storms. 


[  (S56  .28  (01  ] 

6.  —  Colonel  H.  A.  Yorke's  report  on  the  accident  of  January  2,  1906, 
between  Strathaven  and  Stonehonse  on  the  Caledonian  Bailway. 

Fig.  15.  p.  1487.  * 

[Tfie  Bailway  Engineer.) 

The  6.50  p.  m.  passenger  train  (4-coupled  tank  engine  running  bunker  tirst  and  live  8-wheeled 
carriages)  ex  Strathaven  was  derailed  about  1  */j  miles  from  Strathaven.  The  engine  and  one 
coach  were  overturned.  The  driver,  the  fireman  (right  arm  torn  off),  and  7  passengers  were 
injured. 

The  railway  between  Strathaven  and  Stonehouse  was  opened  for  passenger  traffic  in  June,  1905. 
The  line  is  single,  and  is  laid  with  steel  rails  weighing  80  lb.  per  yard,  and  32  feet  in  length; 
chairs  weighing  46  lb.,  each  with  a  base  having  a  bearing  area  on  the  sleepers  of  105  square 
inches.  There  are  four  spike  holes  in  the  base  of  each  chair,  but  the  custom  on  the  Caledonian 
Railway  is  to  use,  in  the  first  instance,  only  two  spikes  (one  outside  and  one  inside),  the  spikes 
being  '/g  inch  diameter  and  5  5/^  inches  long.  When  the  spikes  first  inserted  begin  to  work 
loose  and  to  become  deficient  in  holding  power,  they  are  reinforced  by  the  insertion  of  the 
two  additional  spikes. 

The  derailment  occurred  on  a  gradient  of  1  in  65*95,  falling  from  Strathaven  to  the  viaduct 
over  the  Avon  Water,  about  V*  niile  beyond  the  site  of  the  accident.  There  are  numerous  curves 
on  the  line,  and  the  derailment  took  place  at  the  commencement  of  a  right-handed  (travelling 
towards  Stonehouse)  curve  of  20  chains  radius.  This  curve  is  situated  in  a  cutting,  and  the 
railway  is  crossed  near  the  commencement  of  the  curve  by  an  overbridge  leading  to  Whinknowe 
Farm.     The  outer  rail  of  the  curve  has  a  superelevation  of  4  inches. 

After  the  acxiident,  the  first  rail  length  from  the  Whinknowe  bridge  was  in  place  and  unda- 
maged; the  second  rail  length  had  been  thrown  out  of  alignment  between  the  joints  towards  the 
outside  of  the  curve  to  the  extent  of  2  or  3  inches.  Both  rails  had  moved  together,  so  that, 
though  out  of  alignment,  the  line  was  not  out  of  gauge.  The  third  rail  length  had  moved  in  a 
similar  manner  between  the  joints,  but  to  a  less  extent.  From  the  commencement  of  the  fourth 
rail  on  the  high  side  of  the  curve,  two  chairs  remained  undamaged ;  the  third  and  fourth  chairs 
had  wheel  marks  on  their  bases  on  the  inside  of  the  rail,  and  from  that  point  onwards  to  the 
place  where  the  engine  stopped  all  the  chairs  of  this  rail  were  broken  and  the  sleepers  cut  in 
half.  On  the  inner  rail,  the  chair  next  but  one  to  the  third  rail  joint  on  the  Strathaven  side  was 
partly  tilted  up;  the  next  chair,  namely,  that  adjacent  to  the  joint,  was  broken;  the  first  four 
chairs  of  the  fourth  rail  were  broken,  and  from  that  point  the  chairs  of  the  inside  rail  were  torn 
off  from  the  sleepers,  the  inner  rail  being  pushed  out  of  place  as  far  as  the  spot  where  the  engine 
came  to  rest. 

The  engine  was  a  tank  engine  of  the  0-4-4  type.     The  wheel  base  of  the  bogie  6  feet  and  of 
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the  coupled  wheels  9  feet,  the  distance  from  the  bogie  pin  to  the  nearest  driving  axle  being 
9  ft.  10  in.  The  bogie  wheels  were  3  ft.  2  in.  diameter,  and  the  driving  wheels  5  feet.  The 
weight  of  the  engine  was  50  tons  6  ^U  cwt.,  distributed  as  follows  :  On  the  bogie,  15  tons  9  cwt.; 
on  the  middle  wheels,  18  tons  7  '/«  cwt.;  on  the  trailing  wheels,  16  tons  10  V*  <^wt. 

The  Caledonian  Railway  practice  as  to  spiking  chairs  does  not  seem  good,  because  the  first 
two  spikes,  having  lost  their  holding  power,  do  not  afford  any  support  to  the  second  lot  of  spikes, 
and  these,  therefore,  are  exposed  to  the  same  forces  as  the  first  lot  of  spikes,  and  work  loose  in 
the  same  manner,  whereas  if  all  four  spikes  were  used  from  the  first,  they  would  afford  each 
other  mutual  support,  and  a  more  durable  fastening  would-  be  obtained.  This  practice  has 
recently  been  abandoned  by  tbe  Co.  on  their  main  line,  but  it  was  adopted  on  the  Strathaven 
branch. 

A  superelevation  of  4  inches  is  suitable  for  a  speed  of  about  38  miles  an  hour.  The  line  was 
opened  for  passenger  traffic  in  June,  1905,  and  about  six  months  later,  it  was  found  that  the 
spikes  of  the  chairs  on  the  outside  of  the  curve  where  the  accident  happened,  and  of  another 
adjacent  curve,  had  worked  loose,  and  that  the  high  rail  was  being  pushed  out  of  place.  It  was, 
therefore,  decided  to  add  two  additional  spikes  to  each  of  the  chairs  on  the  outside  of  these  two 
curves,  the  chairs  of  the  inner  rail  being  left  with  two  spikes. 

On  the  2"^^  January,  driver  Matthew  Stewart,  while  taking  the  4.7  p.  m.  train  from  Glasgow  to 
Strathaven,  noticed  a  lurch  of  unusual  severity  when  he  was  passing  round  the  curve  at  about 
25  miles  an  hour.  On  the  return  journey  he  again  felt  the  lurch,  although  he  had  taken  the 
precaution  to  reduce  the  speed  to  10  or  12  miles  an  hour.  On  arriving  at  Larkhall  Centi'al 
Station,  he  told  the  signalman  to  warn  drivers  of  the  bad  bit  of  road  between  Cotcastle  and 
Strathaven. 

The  next  train  was  the  5.14  from  Glasgow  to  Strathaven.  On  the  arrival  of  this  train  at 
Larkhall  Central,  the  signalman  warned  the  driver  (John  Major)  that  there  was  a  bad  bit  of  road 
near  the  overbridge  between  Stonehouse  and  Strathaven.  Major  thought  the  warning  had 
reference  to  the  portion  of  line  between  Larkhall  and  Stonehouse.  The  train  reached  Strat- 
haven, however,  without  any  mishap,  and  Major  says  that  he  felt  nothing  unusual  at  any  plac«. 
Major  started  back  from  Strathaven  at  7.11  p.  m.,  being  twenty-one  minutes  late,  his  engine 
then  having  its  bunker  in  front.  There  is  a  gradient  of  1  in  66,  falling  from  Strathaven  to  the 
curve,  a  distance  of  about  1  '/j  miles.  After  passing  the  overbridge  Major  felt  his  engine  give  a 
lurch,  first  to  the  low  side  of  the  curve,  and  then  to  the  high  side,  after  which  he  found  it  was 
off  the  road.  Almost  immediately  afterwards  it  turned  over  on  its  side,  and  after  sliding  some 
distance  came  to  rest  about  a  train's  length  from  v^hei^e  it  first  left  the  rails  The  position  of 
the  train  was  then  as  follows  :  The  whole  train  was  off  the  road  on  the  left  or  high  side  of  the 
curve;  the  engine  and  the  carriage  next  to  it  were  overturned  on  their  left  sides;  the  second  car- 
riage was  leaning  over  towards  the  left  at  an  angle  of  about  45°;  while  the  third,  fourth  and 
fifth  carriages  were  standing  upright  on  the  ballast.  All  the  wheels  of  the  train  were  off  the  rails 
except  the  two  right-hand  wheels  of  the  i*ear  bogie  of  tlie  rear  carriage. 

The  plan  (fig.  15)  shows  that  the  road  had  been  more  or  less  out  of  alignment.  Major's  engine, 
which  was  running  bunker  first,  on  reaching  the  curve  probably  forced  the  high  rail  out  of  place 
sufficiently  to  allow  its  inner  wheels  to  drop  off  the  rail  of  the  curve  xm  to  the  baUast.  As  soon 
as  this  occured,  the  inner  rail  was  also  forced  outwards,  and  the  left-hand  wheels  of  the  engine 
dropped  off  the  high  rail  on  to  the  ballast,  thus  **  bursting  the  road  "  and  forcing  both  rails  still 
more  out  of  their  positions,  and  cutting  the  sleepers  in  half.  The  seventh  joint  of  the  high  rail 
was  then  broken  and  the  rail  torn  out  of  its  chairs,  the  engine  and  front  coach  getting  outside  it. 
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The  left  hand  wheels  of  the  engine  either  sank  deep  into  the  ballast  or  got  into  the  ditch  alongside 
the  road  bed.  and  in  this  way  caused  the  engine  and  coach  to  be  overturned ;  and  it  was  probably 
due  to  the  overturning  of  these  vehicles  that  the  train  stopped  in  so  short  a  distance,  rt>»,  about 
95  yards. 

The  accident  was  due  to  the  condition  of  the  permanent  way,  which  in  turn  was  caused, 
according  to  the  evidence  of  the  permanent  way  inspector  Muir,  by  the  speed  at  which  trains 
have  been  allowed  to  run  down  the  incline.  The  road  is  a  new  one  and  not  thoroughly  consolid 
ated,  and  the  curve  in  question,  having  a  superelevation  of  only  4  inches,  was  unsuitable  for  a 
speed  of  50  miles  an  hour,  which  is  the  speed  Muir  says  trains  frequently  attain  at  that  place. 
Although  there  is  a  restriction  of  speed  to  10  miles  an  hour  over  the  Avon  viaduct,  which  is 
situated  about  '/i  mile  on  the  east  side  of  the  scene  of  the  accident,  there  is  no  restriction  laid 
down  for  the  place  where  the  accident  occured,  and  therefore  no  blame  would  belong  to  driver 
Major,  but  for  the  fact  that  he  had  been  warned  that  there  was  a  dangerous  place  somewhere 
between  Larkhall  and  Strathaven.  After  receiving  that  warning,  and  especially  as  he  did  not 
clearly  know  exactly  where  this  place  was  situated,  it  was  his  duty  to  have  run  at  a  moderate 
speed  and  with  reasonable  care. 

Both  permanent  way  inspector  Muir  and  foreman  platelayer  Campbell  say  that  they  have  seen 
trains  running  round  the  curve  where  the  accident  happened  at  a  speed  for  which  it  was  not 
suitable,  and  yet  they  made  no  report  of  the  matter  to  any  of  their  superior  officers.  The  fact 
that  the  road  required  double  spiking  so  soon  after  opening,  should  have  been  in  itself  sufficient 
proof  that  it  was  being  subjected  to  too  great  a  strain.  Although  these  men  knew  that  danger 
was  being  daily  incurred,  they  took  no  steps  to  avert  it,  and  by  their  silence  incurred  a  grave 
responsability.  Rule  6  in  the  General  Rule  Book  says  that  *'  The  safety  of  the  public  must 
under  all  circumstances  be  the  chief  care  of  the  servants  of  the  Company  ",  and  it  is  clearly  the 
duty  of  every  servant  to  report  to  his  superior  officer  anything  that  he  knows  is  wrong. 

The  Company  should  settle,  on  the  advice  of  the  engineer,  what  the  speed  of  trains  should  be, 
and  impress  upon  all  servants  the  necessity  for  immediately  reporting  any  breach  of  the  ins^uc- 
tions.  Both  rails  should  invariably  be  double  spiked  and  curves  situated  at  the  foot  of  a  long 
incline  should  be  provided  with  check  rails. 
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Er-nest   BLAGli:, 

Engineer  in  chief  of  bridges  and  roads. 

Honorary  general  manager,  consulting  officer  to  the  French  Midi  Railway, 

Member  of  the  Permanent  Commission  of  the  International  Railway  Congress  Association, 

Delegate  to  the  sessions  of  Milan  (1887).  Paris  (1889  and  1900),  St.  Petersburg  (189?)  and  London  (1805). 

The  Permanent  Commission  of  our  Association  has  recently  been  deprived  by 
death  of  one  of  our  oldest  coUegues,  Mr.  Blag6,  who  had  gained  amongst  us  and 
the  members  attending  our  sessions,  the  warmest  affection  and  the  highest  esteem. 
The  ex-general  manager  of  the  Midi  Railway,  possessed  great  ability  and  unerring 
judgment,  and  at  the  same  time  an  unalterable  decision  in  conjunction  with  immu- 
table suavity  and  kindness  of  heart.  Perhaps  he  had  only  one  fault,  namely  that 
he  took  too  deeply  to  heart  the  worries,  disappointments  and  disillusions  that  are 
inseparable  from  the  management  of  a  great  railway,  so,  much  so  thai  his  health 
broke  down  prematurely,  and  he  had  to  give  up  his  duties  as  general  manager  of 
the  Midi  Company  at  the  age  of  S8. 

On  the  18"»  of  May  last,  his  many  friends  and  his  family  had  to  deplore  his  loss 
through  a  long  and  painful  disease  which  he  bore  with  the  greatest  fortitude. 
We  trust  that  his  devoted  wife  and  children  will  accept  our  sincerest  condolences 
on  their  loss. 

Those  who  have  attended  our  meetings  will,  we  believe,  be  glad  if  we  briefly 
sketch  the  main  features  of  our  late  colleague's  brilliant  career. 

Born  at  Toulouse  on  March  H,  1845,  he  was  one  of  the  most  successful 
candidates  for  admission  to  the  Polytechnic  School  in  4865.  When  he  left  the 
School  of  bridges  and  roads  in  1870,  he  was  appointed  engineer  at  Mont-de- 
Marsan  in  June,  1870,  at  the  time  when  war  was  declared  between  France  and 
Germany.  Refusing  the  exemption  from  military  service  to  which  he  was 
entitled,  he  was  appointed  chief  of  a  squadron  of  artillery  mobilised  in  the 
Landes  department,  and  through  to  bis  brilliant  conduct,  he  gained  many  most 
devoted  and  close  friends.  When  the  war  was  over,  he  took  up  ordinary  engi- 
neering duties  at  Albi  and  in  this  position  he  was  occupied  in  railway  surveying. 
In  1877,  he  entered  the  service  of  the  Midi  Railway  and  was  attached  to  the  traffic 
department  at  Bordeaux.  He  at  once  brought  himself  to  the  notice  of  the  general 
manager  of  the  company,  Mr.  Huyot,  owing  to  his  aptitude  for  general  matters, 
and  in  April  1878  he  was  attached  to  the  Paris  bead  office. 
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Mr.  Lancelin,  when  he  succeeded  Mr.  Huyot,  took  him  as  his  assistant  in 
July  1883  and  appointed  him  specially  to  investigate  the  laborious  subject  of  the 
conventions  of  1883  with  the  French  Government  regarding  the  concession  of 
additional  lines. 

When  Mr.  Lancelin  died  prematurely  owing  to  the  devotion  he  showed  during 
the  epidemic  of  cholera  in  1884,  Mr.  Blag6  was  appointed  general  manager  of  the 
Midi  at  the  age  of  thirty  nine.  He  began  his  duties  during  a  serious  industrial 
and  commercial  crisis  which  brought  down  heavily  the  earnings  of  the  railways  in 
the  Midi  districts,  injured  mainly  by  the  ravages  of  the  phylloxera  in  one  of  the 
essential  factors  of  its  prosperity,  the  production  of  wine.  The  earnings  of  the 
company  fell  suddenly  from  100  to  83  millions  (£4  millions  to  £3,320,000). 
Mr.  Blag6  was  in  his  element  during  these  trying  circumstances.  By  his  stead- 
fast will,  eminent  judgment  and  unceasing  application,  he  was  able  to  effect  the 
necessary  economies  without  bringing  suffering  upon  the  staff.  With  this  end  in 
view,  he  simplified  and  improved  the  methods  of  working  and  did  away  with 
useless  machinery;  he  reduced  the  cost  of  the  head  quarters'  management;  in  a 
word,  he  substituted  a  truly  commercial  management  for  an  administrative 
organisation  that  had  too  much  resembled  that  of  one  of  the  State  departments. 

In  1898,  he  was  just  about  to  profit  by  his  exertions  and  see  the  company 
return  to  its  former  prosperous  condition,  when  he  was  forced  to  agree  to  the 
State  purchase  of  the  Garonne  lateral  canal  and  the  Midi  canal,  till  then  worked 
by  the  Midi.  The  object  of  this  purchase  was  to  abolish  the  tolls  upon  these 
canals,  which  henceforth  were  to  compete  disastrously  with  the  parallel  railways. 

Thanks  to  the  application  of  lower  rates  on  the  line  between  Bordeaux  and 
Cette  and  other  sources  of  economy,  Mr,  Blage  succeeded  in  getting  the  traffic  to 
resume  its  upward  tendency  after  a  comparatively  short  period  of  depression. 
But  the  tremendous  exertions  he  had  to  make  to  attain  this  result,  entirely 
exhausted  his  strength  and  he  was  obliged  to  resign  the  active  management  of  the 
Midi  system  in  1902.  He  still,  however,  had  the  satisfaction  of  seeing  his  work 
completed  in  the  able  hands  of  his  successor,  Mr.  Glasser,  and  the  position  of 
his  company  thoroughly  reestablished  in  1904,  when  it  ceased  to  make  a  call 
upon  the  State  guarantee. 

We  may  add  that  Mr.  Blag^  always  followed  with  the  keenest  interest  the 
labours  of  our  Association;  he  often  look  an  active  share  in  our  debates,  and  at 
times,  he  was  inspired  by  information  derived  from  abroad  through  us  to  institute 
interesting  reforms  on  the  Midi  Railway.  As  an  example,  we  may  more  espe- 
cially mention  the  introduction  of  the  automatic  block-system. 

The  Committee  of  Management. 
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ing countries),  by  Mr.  Turner 

2"*  report  (for  English  speaking  countries),  by 
Mr.  Thompson 

!••  note,  by  Mr.  Raynar  Wilson. 

2^  report  (for  English  speaking  »H)untric.s).  by 
Mr.  William  Hunt 

Addenda  by  the  same. 

Report,  by  Mr.  Aspinall. 

—  by  Mr.  Sabouret 

1**  report  (for  non-English  speaking  countries), 

by  Mr.  Duca .... 

Report,  by  Mr.  C.-A.  Park.     .         

—  bv  Mr.  Zanotta.    ../...... 

Note,  by  Mr.  A.  Dubois 

Report,  oy  Mr.  H.  Lambert 

Report,  by  Mr.  H.  Twelvetrees 

I**  note,  by  the  Belgian  State  Railways  Ad- 
ministration. 

2"*  note,  by  the  Western  Railway  of  France 
Administration. 

1**  Report  [for  non-English  speaking  countries), 
by  Mr.  Motte 

2"  note,  by  the  Mediierranean  Railway  Company 
(Italy). 

3"  note,  by  Mr.  Theo.-N.  Ely. 

4ih  —  by  the  American  Railway  Association 
(Messrs.  A.-W.  Sullivan  and  F.-A.  Delano). 

^  note,  by  Mr.  Robert  Pitcairn. 

6ik     —     by  Mr.  A.-T.  Dice. 

Report,  by  Mr.  De  liacker 

—  by  Mr.  De  Perl 

—  by  Mr.  de  Burlet 

Note,  by  Mr.  W.-M.  Acworth. 

Report,  by  Mr.  Max  Edler  von  Leber.     .    .     . 
)**  report  on  Part  A  (for  non- English  speaking 

countries),  by  Mr.  J.  de  Richter 

I*'  report  on  Part  B  (for  non -English  speaking 

oojntries),  by  Messrs.  Eug.  Sartiaux  and  A.  von 

Boschan. 
!••  note,  on  Part  B,  by  Mr.  Ast 
2^     —  —  by   the    Administration    of 

the  •  Kaiser  Ferdinand  Nordbuhn  «. 
Memorandum,  by  the  Hon.  Sir  Charles  Tupper. 
Report,  by  Mr.  Ast  (first  part) 

Report,  by  Messrs.  Humphreys-Owen  and  P.- W. 

Meik 

!••  note,  by  Mr.  B.-A.  Ziffer. 

2^    -  - 

3^    —     by  the  Hon.  Thomas  C.  Farrer. 

Report,  by  Mr.  Auvert 

1"  note,  by  the  Western  of  France  Railway. 
2**    —     by  the  Northern  of  France  Railway. 
3»«    —     bv  Mr.  Ernest  Oerard 
Note,  by  Mr.  Chas.  J.  Owens 

Report,  by  Mr.  Ast  second  part) 

Report,  by  Mr.  Bncka 

—  by  Mr.  KowaUki 

—  by  Mr.  V.  Herzenstein        

As  the  information   collected  on  this  question 

was  very  incomplete,  it  was  not  dealt  with. 
Report,  by  Mr.  Hodeige 

—  by  Mr.  Belleroche 

—  by  Mr.  Hubert 

As  the  information  collected  on  these  questions 
was  very  incompl<)te.  it  was  not  dealt  with. 
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BURTON   AND   ASHBY   LI&HT    RAILWAY, 

By  Skymour  GLENDENNING. 

Figs.  1  to  7,  pp.  1496  and  I4tt6.  * 


'The  Railway  Magazine.) 


An  English  railway  laid  on  the  public  highway  —  thus  a  prominent  weekly  contemporary 
briefly,  but  aptly,  describes  the  Midland  Railway's  new  light  railway  from  Burton  to  Ashby. 
For  many  years  there  has  been  in  use  between  the  two  points  named  a  heavy  steam  railway, 
which  forms  a  section  of  the  Midland  Railway  Company's  line  from  Burton  to  Leicester,  but, 
owing  to  the  formation  of  the  country,  it  takes  a  somewhat  circuitous  route.  In  fact,  this  iron 
road  forms  part  of  a  girdle  of  rails  round  south  Derbyshire  —  a  rough  circle,  in  which  the  chief 
points  of  the  compass  are  represented  by  Stenson  in  the  north,  Ashby  in  the  south,  Tonge  in  the 
east,  and  Burton  in  the  west ;  while  the  centre  of  this  somewhat  flattened  ring  of  rails  may  be 
placed  near  The  Scaddows,  about  midway  between  Ticknall  and  Hartshorn.  The  railway  from 
Derby  to  Burton  is  fairly  straight,  because  it  crosses  the  outskirts  of  Sinfin  Moor,  and  then 
follows  the  valley  of  the  Trent;  but  the  lines  from  Derby  to  Ashby  both  go  round  about  to  avoid 
the  hilly  country  of  South  Derbyshire,  where,  in  consequence,  the  old-fashioned  carrier's  cart  still 
reigns  supreme.  In  the  south-western  quarter  of  the  circle,  there  is  a  branch  from  the  Burton 
and  Ashby  Railway,  in  the  form  of  an  elongated  horseshoe  loop,  which  is  a  single  line  of  rails  to 
serve  Swadlincote  and  Woodville  —  laid  along  a  lateral  valley,  and  then  doubling  back  through 
a  tunnel  and  down  another  valley  to  rejoin  the  main  line  near  Gresley.  It  thus  happens  that, 
although  the  bustling  and  thriving  townships  of  Swadlincote  and  Woodville  have  railway  commu- 
nication to  Ashby  and  Burton,  it  is  decidedly  indirect,  while  the  very  populous  mining  village  of 
Ncwhall,  with  something  like  eight  thousand  or  nine  thousand  inhabitants,  has  no  station  at  all, 
and  it  was  mainly  duo  to  this  lack  that  a  demand  arose  for  a  light  railway  to  mount  the  hills  and 
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follow  the  direct  route  along  che  ridges,  Instead  of  keeping  to  the  valleys,  where  there  are  but 
few  industrial  concerns,  and  only  a  very  small  population. 

A  Bill  was  brought  before  Parliament,  but  eventually  withdrawn,  owing  t<^  the  opposition  of 
the  Midland  Railway,  which,  however,  agreed  to  carry  out  the  project  itself.  That  was  two 
years  ago,  and  the  new  light  railway,  ten  miles  long,  has  now  been  completed. 

Of  coui'se,  steam  power  plays  no  part  in  it,  electricity  being  considered  superior  in  a  railway 
of  this  description,  where  numerous  very  steep  gradients  have  to  be  climbed. 

In  fact,  to  all  intents  and  purposes,  it  is  an  electric  railway,  laid  upon  the  public  highway, 
with  stopping  places  at  all  penny  stages  and  intermediate  points,  while  the  various  villages  and 
towns  through  which  it  passes  wuU  practically  serve  as  stations.  As  will  be  ^cen  from  the  illus- 
trations of  Bretby  and  Newhall,  figures  3  and  4,  a  good  length  of  the  line  at  these  places  resembles 
that  of  a  branch  railway,  fenced  or  hedged  in  on  either  side,  this  being  necessary  in  consequence 
of  short  cuts  across  fields  or  garden  plots. 

The  electric  current  is  taken  from  an  overhead  cable,  suspended  from  steel  poles  or  standards, 
placed  at  frequent  intervals  along  the  line  of  route. 

As  a  rule,  railway  companies  purchase  land  on  which  to  construct  their  permanent  way,  but,  in 
the  present  case,  the  greater  part  of  the  track  is  laid  singly  and  on  one  side  of  the  public  highway, 
a  double  road  being  laid  at  frequent  intervals  to  serve  as  crossing  places.  An  enormous  expense, 
however,  has  been  incurred  in  widenings  and  clearance.  For  nearly  half-armile  in  Newhall,  the 
street  has  had  to  be  widened,  involving  the  demolition  of  a  number  of  houses  and  the  clearing 
away  df  numerous  front  gardens.  In  Ashby  itself,  also,  where  the  tram  has  to  take  some  very 
abrupt  curves  on  its  tortuous  wiy  to  the  station,  valuable  property  has  been  cleared  away  in  Bath 
Street  and  Market  Street,  in  order  to  afford  a  safe  route  for  the  cars. 

It  is  interesting  to  note  that  the  new  line  touches  no  less  than  three  counties,  for  it  begins  in 
Staffordshire,  stretches  across  South  Derbyshire,  and  ends  in  Leicestershire.  The  country 
through  which  it  passes  is  very  diverse  in  character,  and  the  interests  that  it  serves  are  no  less 
so.  At  the  western  extremity  is  Burton,  with  its  huge  breweries,  which  supply  a  great  part  of 
the  World's  beer.'  It  was  intended  at  first  that,  after  crossing  the  Trent  Bridge,  the  railway  should 
leave  Burton  up  a  steep  slope  between  the  Winshill  and  Stapenhill  roads,  but  eventually  it  was 
mutually  agreed  between  the  town  and  the  railway  that  the  Corporation  track  should  be  used  as 
far  as  Winshill.  The  new  line,  therefore,  begins  at  High  Bank  Road,  with  a  very  deep  curved 
gradient  up  to  Moat  Bank,  where  a  height  of  250  feet  above  Burton  is  reached.  A  fine  stretch  of 
hilly  country  then  opens  to  view,  with  BriBlincote  Hall  on  the  right;  next  the  line  dips  60  feet  to 
cross  a  lateral  valley.  Then  it  rises  again,  and  follows  a  number  of  switchback  undulations  until 
it  enters  Newhall,  which  is  400  feet  above  ordnance  survey  datum  line.  Newhall  furnishes  a 
strong  contrast  to  the  fair  country  west  of  it.  Collieries,  brick  yards,  and  pipe  works  abound. 
Newhall  displays  the  characteristics  of  mining  villages,  i,  e.,  it  is  dingy,  squalid,  and  untidy. 
However,  its  teeming  population  will  doubtless  find  the  new  line  a  very  great  convenience^  b(»ih 
for  business  and  pleasure  purposes,  and  there  seems  little  doubt  but  what  the  Midland  Railway 
Company  will  reap  a  continued  harvest  of  faixjs  from  the  thousands  of  miners  and  their  families. 
From  Newhall,  the  level  of  the  track  gradually  descends  until  it  is  below  200  feet,  and  then 
leaves  the  Ashby  main  road  to  take  a  right-angled  turn  into  Swadlincote.  Here  the  line,  afier 
going  due  south  for  a  time,  is  carried  over  the  old  railway  < —  the  single  loop  to  Swadlincote 
and  Woodville  before  mentioned  —  on  a  long  bridge  of  steel  girders,  resting  on  blue  brick 
piers.  The  bridge,  as  will  be  seen  from  the  figure  2,  has  a  switchback  appearance,  while  the 
figure  7,  taken  from  Swadlincote  goods  yard,  shows  a  Midland  Railway  train  passing  under  it. 
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Shortly  after  crossing  the  bridge  the  track  takes  an  abrupt  turn  to  the  left,  in  order  to  resume  its 
eastward  direction  At  the  same  place,  thei^e  is  a  branch  about  two  miles  long,  going  first  south 
and  then  southwest  to  Gresley.  The  road  towards  Ashby  rises  continously  until  it  reacJies  a 
height  of  569  feet  above  sea  level.  It  passes  through  the  heart  of  the  Derbyshire  Potteries, 
where  a  great  industry  is  carried  on  in  the  manufacture  of  furnace  bricks,  sanitary  pipes,  and 
common  earthenware.  Furnaces  and  kihis  abound  in  Swadlincote,  and  the  stib«»idiary  industry 
of  crate  making  is  also  much  in  evidence. 

There  ai*e  numerous  st-acks  arranged  in  the  form  of  a  lofty  cone,  of  the  long  tapering  branches 
of  timber  with  untrimmed  bark,  which  arc  used  for  making  the  big  rectangular  crates  for  the 
conveyance  of  heavy  earthenware. 

The  clay  for  the  pipes  and  pots  is  obtained  on  the  surface,  but  the  fire  clay  for  furnace  bricks 
has  to  be  reached  from  a  depth,  by  sinking  shafts  equipped  with  hoisting  machinery.  Imper- 
ceptibly, Swadlincote  grows  into  Woodville,  where  the  large  pipe  works  are  situated,  with  their 
groups  of  ever-smoking  furnaces  and  yards,  stacked  with  great  heaps  of  pipes  for  sewerage  and 
di'ainage  purposes.  But  the  broken  potterj'  is  even  more  aggressive  than  the  sound  ware. 
Every  **  grotto,"  or  **  rockery,"  is  made  of  it;  ever}'  garden  path  is  edged  with  it,  or  with 
fused  fire  bricks.  The  mounds  of  refuse  adjacent  to  the  works  are  continually  extending  their 
borders  and  spreading  over  the  country. 

In  this  way,  the  green  turf  of  Gresley  Common  is  being  slowly  hidden  from  view.  The  collieries, 
too,  are  knocking  at  the  door  of  Gresley  Church.  The  ancient  little  building  is  overshadowed  by 
the  pit-head  gear,  and  coal  waggons  are  running  by  its  windows.  In  these  parts,  it  seems  that 
modern  industry,  in  its  hasty  march  towards  better  things,  has  no  time  to  clear  up  the  disorder  that 
is  created  by  its  methods  of  progression.  After  passing  Swadlincote  and  Woodville,  the  top  of  a 
hill  is  reached,  569  feet  above  the  sea  level.  Cornfields  and  meadows  abound  on  eith«^!'  side,  and 
there  is  also  the  magnificent  landscape  of  Charnwood  Forest.  Then  comes  the  hamlet  of  Bound- 
ary, so  called,  as  it  is  a  boundar}'  of  shii-cs,  parishes,  and  manors.  Close  by,  is  the  notable 
village  of  Smisby ,  set  amongst  fine  park- like  scenery. 

It  can  still  boast  of  its  tournament  field,  which  Sir  Walter  Scott  made  allusion  to  in  *•  Ivanhoe. " 
The  situation  is  very  exposed  at  Boundary;  severe  storms  rage  there  periodically,  and  the  inha- 
bitants say  that  anyone  who  can  live  winter  and  summer  at  Boundary,  could  live  anywhere.  After 
entering  Leicestershire,  the  new  line  makes  a  quick  des^cent  into  Ashby-dc-la-Zouch.  The  old 
town  has  the  refined  air  of  a  fa.«:hionable  inland  watering-place,  though  its  medicinal  saline  baths 
are  not  more  than  a  century  old.  The  fourteenth-century  castle  was  wrecked  during  the  seven- 
teenth-century civil  wars;  but  even  the  portions  that  remain  are  magnificent,  alike  in  size, 
strength  and  beauty  of  architecture. 

The  old  church  hard  by,  has  a  fine  tower  and  some  interesting  relics  inside,  including  a  remark- 
able set  of  finger  stocks.  Roger  la  Zouch  became  lord  of  the  manor  in  1219,  and,  while  the 
family  remained  in  possession  of  it,  Ashby  was  a  great  centre  of  chivalrous  and  knightly  games, 
over  which  Sir  Walter  has  cast  the  inextinguishable  glamour  of  romance  in  his  great  novel. 

The  last  of  the  Zouches,  one  Alan,  fought  at  Crossy.  Lord  Hastings,  to  whom  the  property 
afterwards  came,  was  beheaded  by  the  Duke  of  GIouce6t<?r  before  he  became  Richard  III.  Mary 
Queen  of  Scots  was  imprisoned  a  few  week.s  at  Ashby  Castle,  and  James  1.  was  entertained  theie. 

•The  power  station  and  car  shed  have  been  built  at  Swadlincote,  which  is  about  midway  between 
Burton  and  Ashby.  These  premises  are  designed  to  give  every  facility  for  convenient  and 
economical  working,  with  ample  margins  for  any  extensions  that  may  be  necessary  in  future. 
The  shed  has  six  lines  of  rails,  and  underneath  there  are  pits  about  4  feet  deep,  like  a  railway 
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engine  shed,  so  that  the  motor  machinery  on  the  cai*s  may  be  easily  got  at  for  the  purpose  of 
examination  and  repairs.  Adjacent  to  the  car- shed,  is  the  spacious  and  well-equipped  power 
station.  Here  we  find  that  not  only  is  steam  out  of  date  for  light  locomotive  purpose,  on  a  short 
track,  but  it  is  also  being  superseded  as  a  prime  mover  for  the  generation  of  electricity ;  at  any 
rate,  in  comparatively  small  and  insolated  stations,  where  a  varying  and  not  very  heavy  load  has 
to  be  dealt  with. 

Steam  plant  is,  of  course,  expensive  to  install  and  maintain,  owing  to  the  necessity  for  boilers; 
and  unless  these  are  worked  constantly,  and  at  full  power,  there  must  be  a  lot  of  steam  and  fuel 
wasted.  The  alternatives  are  gas  or  oil  engines.  Where  gas  can  be  obtained  from  town  mains, 
a  gas  engine  is  always  ready  for  work ;  but  it  is  usually  cheaper  for  the  consumer  to  produce  gas 
on  the  spot  from  low  grade  fuel.  In  the  case  of  oil  engines,  neither  boilers  nor  producers  are 
necessary;  therefore,  no  stokers  are  required,  and  the  engines  can  be  started  at  a  few  minutes* 
notice  without  any  preliminaries  worth  mentioning. 

Swadlincote  is  in  the  centre  of  a  colliery  district,  where  there  is  an  abundance  of  cheap  coal, 
yet,  instead  of  using  this,  it  has  been  found  better  to  instal  Diesel  engines,  which  will  use  crude 
petroleum,  imported  from  various  parts  of  the  world.  In  ordinary  gas  or  oil  engines,  the 
explosion  which  drives  the  piston  is  caused  by  a  gas  jet,  or  an  electric  spark,  or  a  red-hot  tube 
being  applied  to  an  explosive  mixture  of  gas  and  air  in  the  engine  cylinder;  but  the  Diesel  engine 
has  a  novel  arrangement,  by  which  there  is  highly  compressed  air  in  the  engine  cylinder,  and 
also  a  separate  supply  in  a  reservoir.  The  compression  of  the  air,  of  course,  increases  its  tempe- 
rature very  much ;  in  fact,  its  heat  is  sufficient  to  cause  the  combustion  of  oil  when  the  latter  is 
injected  as  a  fine  spray  into  the  engine  cylinder.  The  high  pressure  air  in  the  reservoir  works  a 
suitable  device,  which  pulverises  the  oil  by  forcing  it  through  a  number  of  small  holes  into  the 
compressed  air  behind  the  piston.  Instead  of  a  sudden  and  violent  explosion,  there  is  a  gradual 
burning  of  the  oil,  accompanied  by  a  gradual  rise  in  the  pressure  of  the  cylinder;  a  more  equable 
movement  of  the  crank  shaft  is  thus  obtained;  and  in  this  respect,  the  action  of  the  Diesel  engine 
resembles  that  of  the  best  steam  engines  rather  than  ordinary  oil  motors  The  Diesel  engine 
only  requires  about  half-a-pound  of  oil  per  brake  horse-power  per  hour  when  working  at  full  load. 

There  are  two  three-cylinder  vertical  engines  of  240  B.  H.-p..  each  with  a  huge  fly-wheel 
weighing  about  nine  tons,  coupled  direct  to  two  cylinders,  each  capable  of  giving  an  output  of 
150  kilowatts. 

Briefly  speaking,  the  cars  with  open  tops  are  of  the  usual  pattern,  with  all  the  latest  possible 
improvements,  and  were  built  at  the  Brush  Electrical  Company's  Works,  Loughborough. 

They  bear  the  Midland  Railway  Company's  coat-of-arms,  and  are  designed  to  carry  57  passen- 
gers each,  22  inside  and  35  outside.  They  are  mounted  on  Brush  rigid  wheel  base  trucks,  with 
steel  tyred  wheels,  provided  with  Hudson-Bowring  lifeguards,  and  magnetic  track  brakes.  The 
electrical  equipments,  powerful  motors,  etc.,  were  furnished  by  the  British  Westinghouse 
Electric  Manufacturing  Company,  of  Trafford  Park.  Manchester.  Accommodation  has  been 
provided  for  the  carrying  of  a  limited  number  of  parcels  on  the  platforms  of  the  cars,  while,  at 
a  later  stage,  it  is  intended  to  carry  booked  parcels.  Workmen's  cars,  with  special  fares,  will 
be  run  as  soon  after  the  formal  opening  of  the  line  as  possible. 

The  following  particulars  regarding  the  car  .service,  "will  bear  comparison  with  the  service  at 
present  in  force  on  the  existing  Ashby  and  Burton  branch  line  : 

Between  Ashby,  Swadlincote,  and  Burton,  every  half-hour. 

Between  Woodville.  Swadlincote,  Newhall,  and  Gresley,  every  15  minutes. 
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Ordinary  service  commences  at  8  a.  m. 

Passengers  between  Ashby  and  Gresley  change  at  Swadlincote  Market  Place  or  Woodhouse 
Road. 

The  estimated  cost  of  construction,  together  with  the  purchase  of  lands,  is  £150,000.  A  first 
and  successful  trial  trip  was  made,  prior  to  the  formal  opening  in  June,  and  by  the  time  this 
article  is  in  print  a  great  boon  will  have  been  conferred  on  the  100,000  inhabitants  of  the  various 
villages  and  towns  through  which  the  line  passes. 

Mr.  Chas  H.  Gadsby,  is  the  consulting  engineer  of  the  railway. 

Thanks  are  due  to  Mr.  James  Toulmin,  A.  M.  I.  E.  IS.,  the  local  manager  and  engineer  of  the 
Burton  and  Ashby  Light  Railway,  for  information  for  this  article. 
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ROARING  RAILS. 


A.    MYSTERIOUS    DEVELOPMENT, 

By  G.  MOYLE, 

BNOINKBR  IN  CHIBK.  E48TRRN  BBNOAL  STATE  RAILWAY. 


Figs.  1  to  6,  pp.  1501  and  15(>2. 


[Page's    Weekly.) 


The  above  term  originated  on  the  Eastern  Bengal  State  Railway  some  ten  years  ago.  **  Roar- 
ing "  may  be  defined  as  the  noise  caused  by  the  development  of  furrows  across  the  running  head 
of  a  rail,  usually  oblique  to  its  length,  the  tops  of  the  furrows  being  very  hard  and  the  bottoms 
soft.  Such  rails  are  also  described  as  **  corrugated. "  They  do  not  in  the  least  resemble  galled 
or  pitted  I'ails. 

The  common  objection  to  these  rails  is,  that  they  occasion  a  deafening  noise  when  trains  are 
passing  over  them,  which  causes  great  discomfort  to  passengers.  To  give  an  impression  of  how 
objectionable  the  noise  is,  it  may  be  stated  that  two  persons,  inspecting  the  line  by  light  trolley, 
cannot  possibly  converse,  even  by  shouts,  when  running  over  a  continuous  section  of  these 
rails.  However,  there  is  still  more  important  and  serious  objection,  which  will  be  referred  to 
below. 

The  engineers  of  Indian  railways  have  had  roaring  rails  under  observation  for  the  past  eight 
years,  but  up  to  the  present,  no  definite  conclusion  has  been  formed  on  the  real  cause  of  the 
phenomenon,  and  no  manufacture-specification  has  been  drawn  up  with  a  view  to  produce  a 
metal  likely  to  be  exempt  from  its  development.  This  paper  is  written  for  the  express  purpose 
of  bringing  the  phenomenon  to  the  notice  of  railway  experts,  with  the  hope  that  a  remedy  for  it 
may  be  discovered. 

The  mean  pitch  of  the  corrugations  has  been  found  to  be  0*74  inch,  and  the  mean  depth 
00035  inch.     The  following  are  the  principal  ascertained  facts  concerning  the  phenomenon  : 

Both  double  headed  and  flat-footed  rails  develop  it;  it  is  not  confined  to  any  particular  weight 
or  section,  or  to  double  or  single  line.     It  develops  in  rails  rolled  by  various  manufacturers.     It 
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develops  with  equal  facility  on  banks  or  cuttings,  grades  or  levels,  straights  or  curves.  It 
appears  to  be  found  more  generally  in  extremely  damp  climates,  especially  when  the  atmosphere 
contains  salt  brought  from  the  sea;  but  it  is  found  in  a  variety  of  climates,  and  even  in  excep- 
tionally dry  inland  tracts.  It  develops  most  rapidly  where  brakes  are  freely  used ;  for  instance, 
just  outside  and  inside  station  signals;  but  it  is  not  necessarily  produced  by  brake  action,  since 
it  exists  abundantly  in  parts  of  tracks  where  brakes  are  never  put  down.  Cases  are  common  in 
which  a  roarer  occurs,  while  the  rails  fished  to  it  or  immediately  opposite  it  in  the  track,  though 
delivered  by  the  same  manufacturer  in  the  same  year,  do  not  roar.  Roarei*s  taken  out  of  the 
track,  planed  smooth,  and  replaced,  have  again  developed  roaring.  Roarers  almo8t  invariably 
develop  where  the  track  is  packed  and  boxed  with  brick  or  burntclay  ballast,  and  on  open  girder 
bridges.  Roarers  are  scarcely  ever  found  where  the  ballast  is  stone,  and  never  whore  the  track 
is  packed  and  boxed  with  earth.  Roarers  on  brick- ballasted  road  can  be  got  smooth  if  the 
brick  boxing  is  removed  and  replaced  by  earth  :  the  trains  then  wear  the  rails  smooth  ;  it  is  not 
necessary  to  remove  the  brick-ballast  packing  under  the  sleepers.  Roaring  has  only  been  found 
in  steel  rails,  and  never  in  an  iron  rail ;  one  lot  of  steel  double-headed  73-lb.  rails  delivered  about 
1880-1882,  have  never  developed  roaring  though  packed  and  boxed  with  brick-ballast,  and 
subjected  to  the  same  conditions  which  have  a  tended  roaring  in  adjacent  rails. 

Roarers  have  been  cut  into  thin  slices,  both  parallel  and  at  right  angles  to  the  vertical  axis. 
The  ridges  of  a  roaring  rail  resist  a  file,  but  the  metal  in  the  hollows  is  removed  quite  easily. 
It  has  been  found  dangerous  to  reverse  double-headed  roarers  in  the  track,  t  e. ,  to  place  them 
upside  down,  as  they  have  been  found  to  fracture;  it  is  also  undesirable  to  change  the  position  of 
sleepers  under  flat-footed  roarers,  this  also  leads  to  fracture.  So  far  as  roaring  rails  have  been 
examined  by  experts,  their  opinion  is  that  there  is  nothing  in  the  chemical  composition,  physical 
condition,  or  microscopic  structure  to  expljiin  the  phenomenon. 

The  following  are  amongst  the  causes  of  roaring  suggested  by  various  engineers  :  To  vibra- 
tions set  up  in  some  unknown  manner  on  an  imperfectly  packed  road  in  a  yielding  formation,  and 
that  once  this  cause  is  removed  and  the  vibration  arretted,  the  effect  will  also  be  eliminated,  and 
the  wear  become  even.  To  portions  of  the  rail  rusting  away  under  the  action  of  dew,  and  leaving 
ridges,  the  cause  of  this  being  want  of  homogeneity  in  the  metal.  To  rails  after  rolling  being 
stacked  whilst  hot  in  layers  crossing  each  other  at  right  angles,  so  that  unequal  cooling  is 
produced,  the  surface  being  annealed  locally  and  at  uneven  intervals.  To  accidental  irregular 
cooling  after  rolling.  To  the  ingots  from  which  the  rails  were  rolled  being  cx)oler  than  they 
should  have  been.  To  theeflfect  of  brakes  which  lift  the  wheels  from  the  rails;  when  this  hap- 
pens, the  brake  ceases  to  act  and  the  wheel  falls  down  on  the  rails;  the  brake  begins  to  act  again, 
and  60  on,  the  flexibility  of  the  springs  accentuating  this  undulatory  motion.  To  wheels  being 
braked  with  maximum  retarding  force,  which  is  just  short  of  skidding  :  that  is  to  say,  by  a  force 
on  tyres  rather  less  than  the  weight  of  the  vehicles  on  the  rails ;  this  is  brought  about  by  a 
vibratory  action  set  up  in  bearing  springs  by  the  jolts  occasioned  in  passing  over  the  joints.  To 
excessof  manganese  in  the  metal.  To  the  existence  of  alternating  lenticular  masses  of  pearlit^ 
and  ferrite.     To  the  rails  being  finished  from  the  rolls  at  an  improper  temperature. 

To  give  an  idea  of  the  extent  to  which  roaring  can  develop  under  favourable  conditions,  it  may 
be  stated  that  in  a  section  of  metre-gauge  single  track  on  the  Eastern  Bengal  State  Railway 
between  Dacca  and  Mymensingh,  12  */^  continuous  miles  of  which  were  very  carefully  inspected, 
all  roarers  and  non-roarers  being  counted,  it  was  found  that  89  per  cent  of  the  rails  were 
roarers. 


Digitized  by 


Google 


-   1504  — 

The  traffic  in  this  section  is  light,  the  speed  slow,  and  the  track  maintenance  excellent.  No 
continuous  brake  is,  or  ever  has  been,  used.  On  the  other  hand,  the  section  examined  is  brick 
ballasted,  the  climate  is  extremely  moist,  the  rainfall  excessive,  and  the  atmosphere  is  said  to  be 
charged  with  salts. 

The  following  is  a  note  on  a  piece  cut  from  a  typical  rail  taken  out  of  the  above  nest  of  I'oarei's  : 
'*  Measurement  of  depth  and  pitch  of  all  the  corrugations  in  a  piece  of  roaring  rail  from  the  Dacca 
section,  Eastern  Bengal  State  Railway  (41  Vi  Ih.  steel  flat-footed) : 

34 -54  inches  long. 

Depth  of  corrugations  :  Maximum,  0*0068  inch;  minimum,  00011  inch;  mean,  00035 
inch. 

Pitch  of  corrugations  :  Maximum,  1*14  inch;  minimum,  050  inch;  mean,  0'74  inch. 

There  appears  to  be  no  relation  between  pitch  and  depth,  but  generally  greater  depth  goes 
with  greater  pitch. 

An  extract  from  an  official  report  made  in  January,  1902,  is  given  below  : 

A  roaring  rail  was  found  fractured  on  the  line,  between  Chogdah  and  Ranaghat,  Eastern 
Bengal  State  Railway,  on  December  26,  1901.  (This  line  is  double  track  laid  with  steel  73-lb. 
double-headed  rails.)  The  permanent- way  inspector  had  reversed  this  rail  a  few  days  before  its 
fracture,  and  it  is  thought  that  there  can  be  no  doubt  that  this  caused  the  fracture,  and  that  the 
reversal  or  turning  upside  down  of  steel  rails  is  a  dangerous  practice.  Two  pieces  of  this  rail 
have  been  kept,  so  that  they  may  be  sent  to  England  for  thorough  examination  and  report.  The 
original  head  of  the  rail,  which  shows  the  alternations  of  hard  and  soft  metal  which  are  charac- 
terisctic  of  roaring  rails,  displays  unmistakable  skin  cracks  across  the  head  at  the  places  where  the 
soft  metal  exists,  and  apparently  fracture  has  occurred  through  one  of  these  skin  cracks.  As  far 
as  is  known,  these  skin  cracks  are  not  generally  noticeable  in  roaring  rails;  but  it  is  quite  possible 
that  they  exist,  and  that  microscopic  examination  would  have  discovered  them. 

If  skin  cracks  are  general  in  roaring  rails,  there  can  be  no  doubt  that  they  constitute  a  serious 
defect. 

The  two  pieces  of  this  rail  were  forwarded  to  England  for  examination,  and  one  piece, 
together  with  two  other  pieces  of  rail  sent  to  England  on  former  occasions,  were  examined  in 
the  laboratory  of  the  Royal  Indian  Engineering  College,  Cooper's  Hill. 

The  following  is  the  report  submitted  from  that  laboratory;  and  it  should  be  not^d  that 
No.  2020  is  the  roaring  rail  which  fractured  : 

**  I  have  very  carefully  examined  the  three  rails  submitted  to  me,  and  neither  from  the 
chemical  composition,  physical  condition,  nor  microscopic  structure,  can  find  anything  to  explain 
the  phenomena,  and  I  feel  convinced  that  the  unevenness  of  the  surface  which  is  responsible  for 
the  roaring  is  not  due  to  the  chemical  composition  or  physical  state  of  the  rail,  but  to  some  local 
cause.  The  following  are  the  results  of  the  analyses.  In  the  case  of  No.  2020  samples  wei'e 
taken  from  both  ends  of  the  rails,  but  no  appreciable  difference  was  found  in  the  analyses  : 

No.  2020.  Roaring  Rail.  Referred  to  in  letter  March  15,  1902.  No.  418  M.  S., 
Eastern  Bengal  State  Railway,  marked  000  :  Carbon,  0*691 ;  silicon,  0  148;  sulphur,  0*007; 
phosphorus,  0078;  manganese,  2090; 

No.  2081 .  Roaring  Rail.  Marked  Steel  I.  S.  R.  73  lb.  IX.,  1885,  B.  and  Co.  :  Carbon, 
0-472;  silicon,  0-052;  sulphur,  0124;  phosphorus,  0-100;  mangane.se,  1050; 
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No.  2082.     Worn  Rail.     Marked  43285,  December  18,   1901,  sent  for  comparison  : 
Carbon,  0*459;  silicon,  0569;  sulphur.  0*076;  phosphorus,  0  058;  manganese,  0-950. 

••  Rail  2020  is  quite  abnormal,  containing  over  2*00  per  cent  of  manganese.  It  was  extremely 
hard,  and  could  only  be  sawn  up  with  the  greatest  difficulty,  and  cracks  in  numerous  places 
extended  into  the  running  head  to  a  depth  of  Vi  inch  under  high  powers  of  the  microscope 
(1,500  diametres),  the  structure  is  almost  entirely  pearlite,  there  being  little  or  practically  no 
ferrite,  which  is  what  one  might  expect  from  the  percentage  of  carbon.  The  other  rails  were 
fairly  normal  as  regards  composition,  except  the  high  silicon  in  No.  2082,  and  both  these  give 
normal  micro-structures  of  ferrite  and  pearlite.  No.  2020  under  the  low  power,  150  diametres. 
appears  to  consist  of  ferrite  and  pearlite,  but  at  a  higher  power  this  is  not  the  case^  Enclosed  are 
diagrams  showing  the  depths  of  corrugations  on  the  surfaces  of  each  running  head,  and  it  will 
be  seen  that  these  are  most  irregular.  A  suggestion  was  made  in  the  correspondence  that  the 
uneven  wear  of  the  rails  might  be  due  to  alternating  patches  of  ferrite  and  pearlite,  the  soft 
ferrite  being  more  readily  worn  away  than  the  pearlite ;  but  when  it  is  remembered  that  the 
ferrite  areas  are  microscopic  and  never  exceed  Vioo  of  a  square  inch  in  any  of  the  rails,  the 
impossibility  of  having  alternating  patches  an  inch  or  more  in  length  will  be  fully  realized. 
From  the  abnormally  high  carbon  and  manganese  and  hardness  of  rail  2020,  it  might  be  assumed 
that  the  roaring  was  due  to  this,  but  this  assumption  is  at  once  negatived  by  the  composition  of 
of  rail  2081,  which  is  a  fairly  soft  normal  rail,  and  behaves  in  the  same  way.  Consequently, 
the  only  conclusion  to  be  drawn  appears  to  be  that  the  roaring  is  not  due  to  any  peculiarity  in 
the  rail  itself. " 

The  Board  of  Trade,  England,  some  fourteen  years  ago,  appointed  a  committee  to  inquire  into 
the  loss  of  strength  in  steel  rails  through  use  on  railways.  Their  report  was  published  as  a 
Parliamentary  Blue-book  in  1900,  and  the  following  extract  is  taken  from  page  71,  as  it  may 
possibly  throw  some  light  on  the  subject  of  this  paper  : 

**  Another  important  point  illustrated  by  these  results  is  the  influence  exerted  on  the  character 
of  atmospheric  corrosion  by  the  unequal  distribution  of  iron  and  carbide  of  iron  in  the  rail,  which 
is  particularly  marked  in  the  presence  of  much  manganese.  When,  owing  to  the  method  of 
annealing  and  other  processes  to  which  the  steel  is  subjected  during  manufacture,  the  iron  is 
deposited  in  large  veins  and  lamince,  the  micro-photographs  appear  to  show  that  these  are  eaten 
out  by  atmospheric  corrosion  forming  superficial  furrows,  the  extent  and  significance  of  which 
remain  to  be  determined  by  further  experiments.  So  far  as  the  evidence  goes  at  present,  it 
appears  that  while  they  probably  lead  to  increased  loss  by  wear  and  t«ar,  there  is  no  proof  that 
they  are  starting  points  for  fractures  in  the  rails.  " 

From  the  concluding  words  of  the  extract  given  in  the  preceding  paragraph,  it  would  appear 
that  it  was  suspected  in  1890  that  skin  cracks  might  exist  in  furrowed  or  corrugated  rails,  and 
the  report  on  rail  No.  2020  now  confirms  this  suspicion;  though  in  the  case  of  that  rail,  the 
excess  of  carbon  might  account  for  them. 

The  only  important  fact  evolved  from  the  examination  of  the  rails  at  Cooper's  Hill,  is  that  the 
roaring  rails  contained  an  excess  of  manganese.  This  has  been  put  forward  as  the  cause,  vide 
paragraph  above. 

The  loi'omotive  superintendent,  Burma  Railways,  wrote  as  follows  in  1899  : 

*•  I,  however,   hazard   an  opinion  that  the  mischief  will  be  found  to  be  confined  to  the 
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steel  made  in  the  earlj  eighties  of  the  expiring  century,  all  of  which  has  an  excess  of  man- 
ganese. " 

This  opinion  rather  conflicts  with  what  is  stated  above,  but  this  may  be  accidental. 

It  is  considered  by  engineers  on  Indian  railways  that  the  results  of  investigation,  so  far  as  they 
have  gone,  are  extremely  meagre  and  unsatisfactory,  and  that  it  is  important  to  ascertain  and 
remove  the  initial  causes  of  this  mysterious  development  in  steel  rails.  It  is  to  be  regretted  that 
no  hiboratory  exists  in  India  where  independent  and  constant  investigations  might  be  made. 
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AUTOMATIC  SIGNALLING  ON  THE  UNDEROROUND  RAILWAYS  OF  LONDON. 


Figs.  1  to  19,  pp.  1513  to  15»>. 


'Engineering.) 


The  signal  arrangements  adopted  in  connection  with  the  electrification  of  the  District  Railway, 
play  a  very  prominent  part  in  the  economy  of  the  scheme.  In  fact,  no  good  results  could  be  * 
obtained,  nor  could  a  return  for  the  financial  outlay  be  secured,  except  by  the  adoption  of 
improved  methods  of  signal  operation.  The  acceleration  of  the  train  service,  brought  about  by 
the  introduction  of  electric  traction  and  the  quicker  reversal  of  trains  in  terminal  stations,  would 
have  been  of  little  avail  under  the  signalling  conditions  formerly  existing,  as  the  old  train  service 
was  practically  all  that  the  line  could  then  carry. 

Having  decided  upon  a  1  V-j-ininute  service  as  the  object  to  be  achieved,  the  Underground 
Electric  Railways  Company  of  London,  who  undertook  the  electrification  of  the  line,  at  once 
recognised  that  the  usual  form  of  manual ly-operat4?d  signals,  with  nn  establishment  of  signal 
cabins  and  a  staff  of  signalmen,  was  not  only  impracticable  from  tho  physical  conditions  of  the 
line,  but  altogether  prohibitive  from  the  point  of  view  of  capital  outlay  and  the  cost  of  up-keep 
and  operation.     An  alternative  was,  however,  to  be  found  in  automatic  signalling. 

While  the  signalling  automatically  of  a  steam-worked  railway,  by  means  of  track-circuits,  is  a 
simple  matter,  it  is  a  very  difforent  problem  on  a  line  equipped  for  electric  traction,  owing  to  the 
possibility  of  extraneous  currents  from  the  motive  power  interfering  with  the  signal  circuits. 
Further,  the  j'ompany  had  determined  that  the  conditions  absolutely  forbade  anything  of  an 
experimental  nature  being  tried.  Some  two  years  previously  —  in  1000  —  the  first  electric 
railway  to  be  equipped  with  auti)niatic.  signals,  controlled  by  track-circuits,  had  been  successfully 
brought  into  operation.  This  was  the  Elevated  Railway  of  Boston,  U.  S.  A.,  and  the  work  had 
been  carried  out  by  the  Union  Switch  and  Signal  Company,  of  Swissvale,  Pa.  (a  Westinghou^'e 
firm).  Here  Westinghouso  electric-pneumatic  signals  were,  owing  to  their  simplicity  and  relia- 
bility, delibei-ately  chosen  and  insf ailed,  rather  than  purely  electric  signals,  and  the  many  diffi- 
culties connected  with  the  problem  were  ingeniously  overcome.  It  was,  therefore,  but  natural 
that  the  experienco  there  gained  should  h'ad  to  the  choice  of  a  similar  system  on  this  side. 

It  will  be  recnemberod  that  the  'then)  unopened  Ealing  and  Han'ow  branch  was  the  trial  place 
used  by  the  Underground  I'^lcctric!  Company  for  their  electric  traction  experiments,  and  the 
Wcstinghouse  Brake  Company,  of  82,  York-road,  King's-cross,  London,  undertook  to  equip  this 
line  with  automatic  signals  controlled  by  track-circuits,  as  had  been  done  in  Boston.     They  were 
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successful  in  securing  the  services  of  the,  then,  signal  engineer  of  the  Boston  Elevated  Railway 
—  Mr.  H.  G.  Brown  —  to  superintend  the  installation  on  the  Ealing  and  Harrow  line,  and  a 
patended  improvement  of  his,  which  ensured  a  far  greater  degree  of  safety  than  had  hitherto 
been  attained,  was  introduced.  The  branch  was  opened  in  June,  1903,  and  the  signal  arrange- 
ments were  found  so  satisfactory  that,  after  tenders  had  been  solicited  from  other  signalling  firms, 
the  Westinghouse  Brake  Company  was  awarded  the  contract  for  equipping  the  whole  of  the 
District  Railway.  The  same  system  has  been  adopted  on  the  Baker-street  and  Waterloo  line, 
and  the  Great  Northern,  Piccadilly,  and  Brompton  Railway  will  be  similarly  equipped,  while  a 
smaller  installation  is  also  in  work  on  the  electrified  portion  of  the  Lancashire  &  Yorkshire 
Railway. 

The  special  arrangement  of  track-circuits  employed  will  be  fully  described  later,  but  it  may 
here  be  said  that  one  of  the  running  rails  is  divided  up  into  block  sections  by  means  of  insulated 
fish-plates,  and  the  other  is  electrically  continuous.  A  difference  of  potential  of  from  2  to  4  volts 
is  maintained  between  these  two  rails.  At  each  end  of  the  block  section,  a  polarised  relay  is 
connected  by  one  terminal  to  the  block  rail,  and  by  the  other  terminal  to  the  continuously  bonded 
running  rail.  The  local  signal-circuit  is  controlled  by  both  relays,  and  unless  they  are  both 
suitably  energised  by  a  current  in  the  normal  direction,  the  signal  cannot  drop  to  **  Clear." 
The  entrance  of  a  vehicle  into  the  block  section  short-circuits  one  or  both  of  the  relays,  and  the 
signal  is  placed  at  **  Danger,  "  and  remains  so  as  long  as  the  vehicle  is  in  the  section. 

The  main  feature  of  this  installation  (Brown's  patent)  is  that  currents  extraneous  to  the  signal 
system  cannot  affect  the  apparatus  so  as  to  cause  a  false  indication  of  safety.  When  a  train  is  in 
the  section,  one  or  other  of  the  relays  is  always  reversely  energised  or  shunted,  thus  opening  the 
local  signal-circuit  at  one  or  two  points. 

As  indicative  of  the  economies  effected  in  signal-boxes,  and  the  consequent  establishment  of 
signalmen  and  upkeep  of  the  cabins,  it  is  interesting  to  note  that  formerly  there  were  between 
South  Kensington  and  Minories  Junction  (but  exclusive  of  those  stations)  thirteen  signal-cabins, 
and  now  there  is  only  one  at  the  Mansion  House  and  an  emergency  one  at  St.  James'  Park. 
Then,  as  showing  the  value  of  automatic  signals  for  increasing  the  carrying  power,  it  may 
be  observed  that  the  service  between  the  Mansion  House  and  South  Kensington  stations  has  been 
increased,  and,  when  this  is  complete,  there  will  be  at  the  *'  rush  "  hours  at  least  forty  trains 
per  hour.  The  services  west  of  South  Kensington  —  to  Harrow,  Ealing,  Hounslow,  Richmond, 
and  Wimbledon  —  have  been  similarly  improved. 

Whilst  the  majority  of  the  signal-cabins  have  been  swept  away,  as  already  explained,  twenty 
nine  still  remain ;  but  of  these,  five  are  omei'gency-boxes,  and  are  only  opened  occasionally  to 
work  cross-overs  or  siding  connections,  should  irregularities  in  the  traffic  demand  this.  Thir- 
teen of  the  remaining  twenty-four  have  been  equipped  with  the  Westinghouse  electric-pneumatic 
apparatus  for  operating  points  and  signals  by  compressed  air.  By  this  method  of  working,  the 
manipulation  of  the  points  simply  calls  for  the  movement  of  a  small  lever  by  the  signalman,  whose 
labours  are  no  longer  exhaustive,  but  are  reduced  to  a  minimum,  and  consequently  he  can  devote 
his  mind  more  closely  to  the  safe  movement  of  the  trains.  As  the  locking-frame  takes  up  less 
room,  the  sizes  of  the  signal-cabins  are  considerably  reduced,  and,  further,  they  may,  if  neces- 
sary, be  placed  in  positions  that  are  insuitable  and  impracticable  for  the  ordinary  signal-box. 
Lastly,  as  the  Board  of  Trade  permit  their  requirements,  as  to  the  maximum  distance  that  facing- 
points  may  be  worked  from  a  signal-cabin,  to  be  extended  in  favour  of  points  actuated  by  power, 
it  is  possible  not  only  to  lay  out  a  station  or  yard  to  greater  advantage,  but  to  bring  within  the 
range  of  one  cabin  the  connections  that  would  call  for  two  cabins  were  the  points  connected  to 
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mechanical Ij-operated  signal-frames.  Examples  of  such  economy  are  to  be  found  on  the  District 
Railway,  notably  at  Cromwell  curve,  where  one  power  signal-box  does  the  work  of  the  three 
mechanical  ones  that  previously  existed.  A  signal  cabin  has  been  stated  at  West  Kensington 
(where  it  would  ordinarily  have  been  neccessary  to  provide  two),  and  at  Mill  Hill  Park  the  yard  is 
so  laid  out  that,  whilst  the  work  is  all  accomplished  by  means  of  one  power-operated  frame,  two 
would  have  been  necessary  had  the  signalling  been  on  mechanically-operated  methods. 

In  those  cases,  where  the  old  locking-frames  remain  and  the  points  continue  to  be  worked  by 
manual  power,  the  signals  are  not  coupled  to  the  usual  signal-wires,  but  are  actuated  by  power, 
the  controlling  current  for  which  is  switched  on  by  means  of  contacts  on  the  signal-levers  in  the 
locking-frame.  There  are,  therefore,  no  wires  to  adjust,  and  the  signals  come  **  off"  to  the 
correct  angle  and  go  to  **  Danger"  properly.  All  the  signals  on  the  line  are  therefore  actuated 
by  power,  this  power  being  air  compressed  to  a  pressure  of  65  to  70  lb.  The  whole  of  the  line, 
including  most  sidings,  is  track-circuited,  the  length  so  controlled  being  equivalent  to  about 
57  miles  of  single  track.  All  signals  at  interlockings  —  e.  e  ,  those  operated  from  signal-cabins 
—  are  controlled  by  the  track-circuits,  and  are  technically  known,  therefore,  as  semi-automatic. 
Where  necessary,  running  signals  —  i.  e.,  those  governing  the  running  of  trains  on  the  main 
line  —  have  their  respective  levers  in  the  locking-frame  controlled  by  the  track-circuit  for  the 
line  or  lines  they  protect,  so  that  whilst  the  signalman  can  put  the  lever  sufficiently  far  back  to 
replace  the  signal  to  the  *••  Danger"  position,  he  cannot  put  it  fully  back,  until  the  train  has 
gone  over  the  portion  of  the  line  protected  by  the  signal.  The  signal  lever,  not  being  fully  back, 
*'  holds  the  road, "  and  prevents  the  signalman  from  inadvertently  pulling  over  the  levers  of 
conflicting  ponits  and  signals.  At  interlockings,  the  signals  are  automatically  restored  to 
'*  Danger  "  by  the  train,  independently  of  the  action  of  the  signalman  ;  but  he  must  replace  the 
signal  lever  in  the  locking  frame  to  normal  before  the  signal  can  be  again  lowered  to  **  Safety. " 
Fouling  points  on  sidings  and  on  diverging  and  converging  linos  are  protected  by  the  track- 
circuit,  so  as  to  guard  against  any  train  or  vehicle  standing  foul. 

The  average  length  of  the  block  sections  through  the  tunnels  (eastward  of  South  Kensington) 
is  900  feet.  On  other  parts  of  the  line  the  lengths  vary  from  900  to  4,000  feet.  Each  signal  is 
governed  by  the  section  immediately  in  advance  of  it,  and  this  section  commences  400  feet  beyond 
the  signal,  and  extends  to  400  feet  beyond  the  next  stop  signal.  This  distance  of  400  feet  is 
know  as  the  '  *  overlap, "  and  a  signal  cannot  be  lowered  until  the  whole  of  the  preceding  train 
has  gone  out  of  the  section  in  advance,  and  has  also  passed  the  next  signal  by  400  feet.  The 
purpose  of  this  arrangement  is  to  guard  against  a  collision  caused  by  a  signal  being  passed  at 
'*  Danger, "  as  the  provision  of  an  overlap  affords  an  additional  space  in  which  to  pull  up  in 
case  a  signal  is  so  passed.  A  further  safeguard  is  an  automatic  train-stop,  as  illustrated  by 
figure  1.  The  stop  is  seen  by  the  side  of  the  **  off"  running  rail,  and  when  standing  up,  as 
illustrated,  it  strikes  the  handle  of  a  special  valve  on  the  leading  motor  car,  which  applies  the 
continuous  brake,  and  pulls  up  the  train.  When  the  signal  is  lowered,  an  electro-pneumatic 
valve  (which  is  operated  co-incidentally  with  the  signal)  admits  compressed  air  to  the  cylinder  on 
the  right,  so  that  the  rod  is  driven  from  right  to  left,  the  rocking-shaft  is  turned,  and  the  stop  is 
lowered.  When  the  signal  is  restored  to  **  Danger,  "  the  valve  on  the  cylinder  is  opened,  the 
air  escapes,  and  the  stop  again  rises,  being  assisted  by  the  spiing  on  the  rod.  A  test  was  made, 
and  it  was  found  that  a  seven-car  train,  when  running  at  full  speed  on  a  down  grade  of  1  in  460, 
was  pulled  up  by  the  train-stop  in  218  feet,  or  little  more  than  half  its  own  length.  As  the 
automatic-stop  equipment  on  the  cars  is  of  vital  importance,  it  is  regularly  and  carefully 
inspected  before  each  journey  is  commenced,  also  sometimes  en  route,  as,  for  instance,   at 
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St.  James's  Park  Station.  It  may  here  be  mentioned  that  a  motorman  is  empowered  to  pass  a 
signal  at  "  Danger  "  after  waiting  one  minute,  and  to  proceed  cautiously  throughout  the  entire 
section  providing  he  has  reason  to  believe  tiiat  tlie  signal  is  not  being  legitimately  held  at 
*•  Danger"  by  a  train. 

As  a  rule,  tJiore  are  no  distant  signals ;  every  signal,  therefore,  is  a  stop  signal.  The  signals, 
except  those  actuated  from  signal-cabins,  stand  normally  **  off.  "  With  such  a  frequent  service, 
had  the  **  normal  danger'*  position  been  adopted,  the  signals  would  necessarily  have  had  to 
stand  longer  in  the  **  Clear  "  than  in  the  **  Danger"  position.  An  automatic  signal,  being 
simply  an  indicator  as  to  the  state  of  the  block  section,  and  not  a  substitute  for  the  verbal  instruc- 
tions of  a  signalman  as  to  whether  a  train  must  stop  or  may  proceed  —  which  is  what  a  non- 
automatic  signal  really  is  —  should  surely  stand  at  **  Clear  "  when  the  section  is  clear.  Further, 
the  normal  **  Clear"  position  presents  the  advantage  of  showing  mor^  readily  whether  the 
signals  are  working  properly. 

In  the  open  country,  semaphore  signals  of  the  ordinary  patlorn  are  used.  Those  on  the  District 
Railway,  however,  have  corrugated  steel  arms  A.  The  spindle  for  the  arm,  the  lamp-bracket, 
and  the  motor  are  all  carried  by  one  casting,  which  can  be  secured  to  a  post  or  wall  by  four  bolts 
—  a  good  example  of  compactness. 

In  the  tunnels  the  signal  shown  in  figure  2  is  used.  When  at  *'  Danger  "  it  is  as  illustrated, 
with  the  upper  spectacle  (red)  of  the  screen  before  the  lamp ;  but  when  the  signal  is  cleared, 
air  is  admitted  to  the  cylinder  inside  the  box  casting,  and  the  screen  is  raised  so  that  the  groen 
spectacle  appears  before  the  lamp.  In  order  to  place  the  signal  at  '*  Danger,  "  the  air  is 
released,  and  the  screen  falls  owing  to  its  weight. 

For  sidings  and  shunting  movements  generally,  the  dwarf  signal  (illustrated  by  fig.  3)  is  used. 
The  air  cylinder  is  in  the  base,  and  is  connected  to  the  arm  by  a  rod  in  the  pillar.  The  arm  is 
normally  locked,  so  that  it  cannot  be  pushed  off  by  anyone  on  the  ground.  The  signals  are 
lighted  by  gas,  and  each  is  supplied  with  an  Adlake  long-burning  oil-lamp,  for  use  incase  the  gas 
fails.     This  lamp  will  burn  for  a  week  continuously  without  any  attention. 

The  principle  of  the  selection  of  signals  has  been  fully  adopted;  that  is  to  say,  conflicting 
signals  are  divided  into  groups,  and  each  group  is  controlled  by  one  lever.  The  selection  of  each 
signal  in  a  group  is  dependent  on  the  position  of  the  points. 

Points,  like  the  signals,  are  also  operated  by  compressed  air.  Facing  and  trailing  points  ai-o 
provided  with  a  motor  similar  to  that  shown  in  figure  4.  Points,  however,  diff*er  from  signals, 
inasmuch  as  they  require  power  not  only  to  change  them  from  **  normal  "  to  **  reserve,"  but  to 
restore  them  to  "  normal.  "  In  the  case  of  facing-points,  the  switches,  plunger,  and  lockinj^bar 
are  all  operated  by  one  motor.  This  motor  moves  the  bar  first,  the  bar  moves  the  plunger,  and 
frees  the  points ;  then  the  points,  being  moved  over,  are  again  locked  by  the  plunger ;  but  this 
cannot  occur  unless  they  are  in  their  correct  position.  The  last  movement  —  i.  «.,  the  shooting- 
of  the  plunger  into  the  new  position  of  the  point-tongues  —  completes  the  operation;  and  this  i« 
indicated  to  the  signalman  by  means  of  the  closing  of  the  appropriate  contacts  in  the  indication- 
box.  If,  therefore,  the  points  are  not  properly  over  and  bolted,  or  are  over  and  not  bolted,  the 
return  indication  cannot  be  given.  Until  this  rettim  indication  has  been  received  in  the  cabin,  the 
stroke  of  the  point-lever  cannot  be  completed,  and  the  signalman  is  thereby  made  aware  that  thu 
points  have  not  properly  respondcfii  to  the  movement  of  his  lever. 

It  may  conveniently  here  be  stated  tiiat  the  Underground  Electric  Railways  Company  have 
provided  special  boxing  over  their  facing  pointlocks,  so  constructed  that  the  pieces  dovetail  and 
interlok  with  each  other,  so  that  they  cannot  come  loose  by  accident.     Attention  may  here  also 
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be  drawn  to  the  flexible  hose  used  for  connecting  the  pointmotor  o  the  air-main*  This  allows 
of  the  sleeiKjrs  on  which  the  motor  is  fixed  being  lifted  and  slewed  at  pleasure,  which  could  not 
be  readily  done  if  the  air  connection  were  a  rigid  one.  Figure  6  is  a  view  of  a  trailing-point 
lay-out,  and  here  it  will  be  noticed  that  the  indication-box  is  coupled  directly  to  the  points.  The 
pull-rod  is  led  from  the  motor  to  the  further  tongue,  but  the  indication  is  coupled  to  the  near 
one.  This  ensures  that  the  stretcher-rodfl  between  the  tongues  are  intact,  and  that  both  tongues 
have  responded  to  the  movement  of  the  motor;  and  unless  this  takes  place,  the  return  indication 
cannot  be  given 

Electro-pneumatically  actuated  scotch-blocks  are  used  in  some  places  —  e,g.,  in  the  sidings 
at  Earl's  Court,  where  one  siding  has  to  be  protected  against  another. 

Coming  now  to  a  description  of  the  locking-frame,  it  is  assumed  that  the  i*eaders  of  this  article 
are  acquainted  with  the  general  principle  of  the  electro-pneumatic  frame.  Such  a  locking-frame 
is  illustrated  in  figure  7,  which  is  a  view  of  the  interior  of  Earl's  Court  East  signal-cabin.  The 
miniature  levers  will  be  appreciated,  and  therefrom  one  can  readily  understand  the  great  difler- 
ence  between  the  labours  of  a  signalman  employed  in  such  a  cabin  and  in  oxvq  where  the  points 
and  signais  are  actuated  by  the  usual  means  of  rods  and  wires.  The  interlocking  is  on  the  tappet 
principle,  the  bars  being  arranged  vertically.  Attached  to  the  levers  in  the  rear  are  the  elec- 
trical connections  whereby  the  admission  of  air  to  the  point  and  signal  motors  is  controlled,-  and 
there  also  the  return  indications  are  to  be  found.  For  the  information  of  those  who  are  unac- 
quainted with  the  electro-pneumatic  machine,  it  may  be  stated  that  when  a  point-lever  has  to  be 
moved  —  either  from  normal,  forwards,  or  from  reverse,  backwards  —  a  lock  on  the  lever  will 
not  allow  its  full  movement  to  be  at  once  obtained.  The  first  portion  of  the  stroke  simply  sets 
up  the  electrical  citvuit  to  the  air-valves  of  the  points,  admitting  air  to  the  motor.  When  the 
work  has  been  completed,  the  return  indication  is  given  (as  has  already  been  described)  by  the 
completion  of  another  circuit,  which  t.ikes  out  the  lock  holding  the  lever.  This  allows  the 
signalman  to  complete  the  stroke.  This  pause,  however,  is  only  momentary  as  the  whole  opera- 
tion can  be  completed  within  two  seconds.  Signal-levers  are  practically  controlled  in  a  similar 
manner,  except  that  it  is  not  considered  necessary  to  hold  the  lever  when  pulling  the  signal 
*'  off, "  as  no  harm  could  happen  should  the  signal  fail  to  come  ''off"  in  response  to  the  move- 
ment of  the  lever.  But  it  is  an  altogether  different  matter  when  a  signal  has  to  l>e  restored  to 
*'  Danger;  "  consequently  a  signal  lever  cannot  be  put  fully  back  at  one  stroke,  but  a  pause  has 
to  be  made  to  allow  for  the  return  indication  to  be  received,  showing  that  the  signal  has 
actually  returned  to  the  **  Danger  "  position.  Incidentally,  it  may  be  remarked  that  as  the 
signals  on  the  District  Railway  are  thrown  to  **  Danger  "  automatically  by  the  train  controlling 
the  track  circuit,  they  are  generally  already  at  **  Danger"  when  the  signalman  replaces  his 
lever,  and  therefore  he  can  put  it  fully  back  in  one  stroke.  It  is  by  a  similar  lock  that  signal- 
levers  at  interlockings  are  held  so  long  as  a  train  is  travelling  over  the  junction  and  siding 
connections  protected  by  such  signals  as  were  referred  to  above  in  connection  with  signals.  It 
will  then  be  understood  how  impraticable  it  is  for  failures  to  occur  in  the  movements  of  points 
and  signals  without  such  being  immediately  detected,  and  how  safety  is  secured  by  the  lever 
being  locked  up.  The  mechanical  interlocking  prevents  signals  being  lowered  until  the  corres- 
ponding points  are  in  position,  which  is  attained  by  the  point-levers  having  first  to  be  placed  in 
their  proper  positions.  If  then,  the  point-levers  are  not  over  (or  back)  —  which  can  be  only  after 
the  return  indication 'has  been  received  —  the  signals  cannot  be  lowered,  and*  therefore,  the 
approaching  train  is  kept  back.  Similarly,  if  a  signal  fails  to  go  to  *'  Danger, "  its  lever  cannot 
be  put  fully  back,  and  so  the  road  is  held.     The  compactness  of  the  electro-pneumatic  machine 


Digitized  by 


Google 


—  1512  — 

will  be  appreciated  when  it  is  stated  tliat  the  frame  in  Earl's  Court  East  cabin  is  3  ft.  11  *  j  in. 
high,  4  feet  wide,  and  6  ft.  1  V«  in«  i^  length;  it  contains  twenty-seven  lever  spaces,  made  up  as 
follows  : 

10  levers  working  23  signals. 

9  levers  working  16  points,  6  facing-point  locks  and  bars. 
2  levers  giving  permission  to  Earl's  Court  West. 
2  levers  controlled  from  Earl's  Court  West. 

23  working  levers. 
4  square  spaces. 

27  -lever  frame. 

The  permission  and  control  levers  prevent  conflicting  movements  being  made  at  the  two  ends 
of  Earl's  Court  Station . 

Special  attention  has  been  paid  to  the  wiring  in  the  signal-cabins.  Eoch  wire  is  ready  of 
access  and  is  labelled.  It  is  all  done  like  telephone  exchange  work,  as  may  be  seen  in  figure  8 
showing  the  arrangement  of  wiring  and  relays  at  South  Kensington. 

The  lower  wires  are  those  connecting  the  locking-frame  to  the  various  points  and  signals, 
while  the  relays  shown  above  the  wires  are  those  required  for  the  electrical  interlocking  between 
the  track  circuits  and  levers;  they  also  control  the  illuminated  diagram.  In  the  background  are 
to  be  seen  the  signal  switchboard  and  accumulators. 

The  power  for  the  traction  of  the  trains  on  the  Metropolitan  District,  Baker-Street  and 
Waterloo,  Great  Northern,  Piccadilly  and  Brompton,  and  the  Charing  Cross  and  Hampstead 
Railways,  is  generated  on  the  banks  of  the  Thames,  at  I^tsroad,  Chelsea.  This  enormous 
station  is  the  largest  electrical  power  station  in  the  world,  and  is  designed  to  supply  some 
44,000  kilowatts  of  three-phase  current  at  a  pressure  of  11,000  volts  and  a  frequency  of 
33  V.1  periods. 

From  Lots-road,  the  feeders  for  the  Metropolitan  District  Railway  run  underground  to  Earl's 
Court,  and  thence  feed  the  eleven  sub -stations  situated  on  this  line.  At  each  sub-station  the 
current  is  transformed  by  means  of  static  transformers  to  a  pressure  of  about  400  volts ;  this  is 
again  transformed  by  rotary  converters  to  direct  current  at  600  volts  pressure.  The  direct 
current  is  fed  to  an  insulated  third  rail,  placed  outside  the  running  rail,  whence  it  is  picked  up 
by  means  of  shoes  on  the  motor-cars.  After  energising  the  motors,  the  current  passes  by  means 
of  other  shoes  on  to  a  fourth  insulated  rail  in  the  4  feet  way,  and  thus  back  to  the  sub-station. 

A  map  of  the  line,  showing  the  power-station,  sub-stations,  and  signal-cabins,  is  given  in 
Figure  9.  At  each  of  the  eleven  sub-stations  motor  generators  (in  duplicate]  furnish  the  current 
at  60  volts  for  the  signal  system.  The  negative  main  of  the  signal  system  runs  the  whole  length 
of  the  line,  and  60  volts  is  maintened  between  the  positive  power  rail  and  the  negative  signal 
main.  This  supplies  power  for  the  track-circuits,  charging  the  accumulators  at  the  power- 
worked  interlockings,  and  working  all  relays,  special  circuits,  and  all  other  purposes  connected 
with  the  signalling.  The  power  required  for  track-circuit  purposes  is  0*3  kilowatt  per  mile  of 
single  track.  An  idea  as  to  the  total  power  required  for  signalling  can  be  obtained  from  the 
fact  that  the  power  required  for  the  lighting  of  a  seven-car  train  on  the  District  Railway  would 
signal  eight  miles  of  double  track,  including  the  power  required  for  compressing  the  air  used  for 
operating  the  signals  and  points. 
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Fig:.  6.  —  Electro-pneuniatir  trailing- point  lay-out. 


Fig.  1.  —  Earl'.s  Court  East  si<^Mial  cabin. 
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pi^r,  8.  —  Wiring  and  relays  at  South  Kensington. 
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Fig.  11.  —  Connection  of  wires  of  Irack-circuit  to  running  rails. 
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Fig.  10. 


Fig.  12. 
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Fig.  13.  T-  Signal  diagram;  Mansion  House  Station 
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Pig.  14.  —  Transmitter. 


Fig.  15.  —  Gombinator  and  receiver  of  train  description  apparatus. 
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Fig.  16.  —  Train-destination  indicator. 


l*'i|j:.  IS.  —  Si!4:nal  on  a  tube  railwiiy. 
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Pig.  17.  —  Kenninglon-road  cabin;  Baker-Slreet  and  Waterloo  Railway. 


Fig.  19.  —  Facing-point  motor  and  movement  on  tube  railway. 
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The  principles  of  the  system  may  be  best  understood  by  reference  to  the  diagram  in  Figure  10. 
One  of  the  track-rails  is  electrically  continuous  through  the  whole  length  of  the  installation,  and 
constitutes  the  positive  conductor  from  the  generator  to  the  individual  track  sections.  The 
other  rail  is  cut  up  into  block  sections  by  means  of  special  rail-joints  insulated  with  fibre.  All 
uninsulated  rail-joints  are  bonded  to  ensure  electrical  continuity.  The  negative  signal  main  is 
connected  to  each  section  of  the  sectionalised  track-rail  at  a  point  near  the  latter  end  of  the  block 
—  t.  e.,  the  end  at  which  the  train  leaves,  as  distinct  from  the  end  at  which  it  enters.  Resist- 
ances are  inserted  in  the  connections  between  the  negative  main  and  the  sectional  rail  which 
reduce  the  potential  difference  between  the  rails  to  from  2  to  4  volts,  according  to  the  length  of 
the  block  and  the  various  local  conditions. 

Let  us  take  the  circuit  for  a  single  block  unoccupied  by  a  train.  The  positive  current 
from  the  generator  flows  along  the  continuous  rail,  and  thence  hrough  the  two  relays,  one 
at  each  end  of  the  block,  and  through  the  ballast  between  the  rails,  all  in  parallel,  to  the 
sectioned  rail.  From  this  it  flows  through  the  resistance  to  the  negative  main,  and  back  to 
the  generator. 

Now  suppose  a  train  enters  the  block.  Obviously,  the  current  now  flows  through  the  practi- 
cally negligible  resistance  of  the  car  wheels  and  axles  from  one  rail  to  the  other,  and  the  relays 
are  shunted,  with  the  result  that  the  signal  is  allowed  to  go  to  '*  Danger.  " 

The  '  *  track  "  resistances  connected  between  the  negative  main  and  the  sections  of  the  section- 
alised rail  prevent  the  generator  being  short-circuited  when  the  track-circuit  is  shunted  by  the 
axles  of  the  train.  In  fact,  these  resistances  bear  such  a  relation  to  the  combined  resistance  of 
the  road-bed  from  rail  to  rail,  and  the  two  relays,  all  in  parallel,  that  the  shunting  of  the  track 
cuts  out  only  a  small  percentage  of  the  total  resistance  of  the  circuit.  Thus  the  current  increase 
in  a  circuit,  when  shunted,  is  not  great ;  this  is  important,  as  it  is  advisable  to  keep  the  track 
potential  as  nearly  as  possible  constant.  An  increase  of  the  total  current,  resulting  from  the 
blocks  being  occupied  by  trains,  affects  the  potential  between  the  rails  of  unoccupied  sections  by 
increasing  the  transmission  loss  in  the  negative  main. 

The  loss  in  the  continuous  track  rail  may  generally  be  neglected  on  account  of  its  large  section. 
Another  circumstance  directly  affecting  this  track  potential,  is  the  variation  of  the  resistance  of 
roadbed  according  to  weather  conditions.  Broken  stone  forms  much  the  best  ballast  from  an 
electrical  point  of  view,  and  cinders  the  worst.  It  may  here  be  mentioned,  however,  that  though 
on  several  occasions  the  track-rails  between  Ealing  and  Harrow  were  flooded,  the  operation  of 
the  signals  was  in  no  wise  interrupted. 

Let  us  now  consider  the  circuits  of  the  track-relays  which  control  the  signal-circuits. 
Figure  10  is  a  diagram  of  the  relay  and  signal-magnet  circuits  for  two  blocks.  The  track-coils 
of  the  relays  are  permanently  connected  across  the  rails  at  the  ends  of  each  block,  the  appearance 
of  the  connection  to  the  track  being  shown  in  Figure  1 1 .  Between  the  pole-pieces  an  electro- 
magnet is  suspended  from  a  pivot.  This  magnet  is  wound  to  a  high  resistance,  and  is  connected 
between  the  positive  rail  and  the  negative  main  through  a  contact  —  operated  by  the  track-coil 
armature  —  which  is  closed  when  the  track-coils  are  energised.  To  the  swinging  coils  is  rigidly 
connected  an  arm  which  actuates  a  contact,  the  function  of  which  is  to  open  or  close  the  local 
circuit  controUing^the  signal-motors.  The  operation  of  the  relays  is  as  follows  :  —  When  a 
difference  of  potential  exists  in  the  normal  direction  between  the  rails  —  i.  «.,  when  there  is  no 
train  on  the  block  —  the  relay  track-coils  are  excited,  and  draw  up  the  armature  which  closes 
the  circuit  through  the  swinging  coil.  This  swinging  coil  is  then  attracted  to  one  of  the  poles 
of  the  relay,  and,  swinging  over,  closes  the  contact  in  the  local  signal  circuit. 
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As  already  mentioned,  there  are  two  relays  in  each  block,  one  at  each  end.  These  are  dupli- 
cates»  and  operate  normally  in  a  precisely  similar  manner^  each  working  a  contact  in  the  local 
signal-circuit.  These  contacts  are  in  series,  as  shown  clearly  in  the  figure,  and  unless  they  are 
both  closed  no  current  can  flow  through  the  signal-magnet,  and  the  signal  will  therefore  remain 
at  **  Danger  *'  by  gravity. 

The  position  of  the  apparatus  when  the  block  is  empty  has  been  indicated  above  —  ria.  :  both 
relays  energised,  the  local  signal  circuit  closed,  and  the  electro-magnetic  valve  operating  the 
pneumatic  signal,  therefore  admitting  compressed  air  to  its  motor,  thus  holding  the  signal  and 
train  stop  off.  As  soon  as  a  train  enters  the  block,  the  relays  are  short-circuited  by  the  car-axles, 
and,  being  de-energised,  their  armatures  drop,  thus  breaking  the  circuit  through  the  swinging 
coil.  The  swinging  coil  then  swings  back  from  its  position  in  contact  with  one  of  the  track- 
magnet  pole-pieces,  and  in  doing  so,  breaks  the  signal  circuit  at  two  points.  The  electro-magnet 
operating  the  admission  and  exhaust-valves  of  the  pneumatic  signal  motor  is  de-energised,  and 
the  exhaust  is  opened,  so  that  the  signal  returns  to  *•  Danger  '*  by  gravity.  It  is  a  fundamental 
principle  of  automatic  signalling  that  any  external  influence  must,  if  it  has  any  effect  at  all,  cause 
the  signal-arms  to  go  to  * '  Danger, "  and  not  bring  them  off. 

So  far,  so  good ;  but  experience  has  shown  that  the  great  obstacle  to  the  success  of  automatic 
signalling,  on  electric  railways  in  particular,  is  the  possibility  of  the  relays  being  operated  by 
extraneous  current  so  as  to  cause  a  false  **  clear  **  indication  when  **  danger  "  should  be  shown. 
The  particular  claim  of  the  system  under  consideration  is  that  it  is  impossible  for  an  extraneous 
current  in  the  running  rails,  from  whatever  source,  to  bring  the  signal  arm  to  the  **  off"  position 
when  it  should  stand  at  *  *  Danger.  " 

The  main  source  of  extraneous  currents  affecting  the  signals  is  the  traction-power  circuit,  and 
when,  as  on  the  railways  whose  signalling  we  are  now  describing,  the  track  is  not  used  as  a 
return,  the  presence  on  the  block  sections  of  current  from  this  source  is  abnormal.  Faulty 
insulation  of  the  train  equipment,  positive  and  negative  rails,  positive  cables,  etc.,  is  the  most 
frequent  cause  of  leakage  to  the  track-rails.  Whether  currents  other  than  the  signalling  current 
on  the  track-rails  are  normal,  as  would  be  the  case  were  the  track-rails  used  as  a  power  return, 
or  abnormal,  as  in  the  present  case,  is  immaterial;  such  currents  would  be  equally  disastrous  to 
a  susceptible  system,  but  are  impotent  to  affect  the  signal  system  we  are  considering.  Faults  in 
the  main  power  circuit  occur  with  sufficient  frequency  to  demand  the  closest  attention  on  account 
of  the  disorganisation  of  the  traffic  which  they  may  cause :  but  whether  frequent  or  rare,  a  system 
in  which  there  was  the  least  liability  to  give  false  signal  indications  of  safety  would  at  once  forfeit 
all  claims  to  consideration. 

Although  in  the  present  system  it  is  possible  for  extraneous  currents  to  energise  one  or  both 
relays  while  the  train  is  in  the  block,  they  are  so  interconnected  that  it  is  not  possible  for  them 
both  to  be  energised  in  the  normal  direction  at  the  same  time  by  extraneous  currents. 

The  various  conditions  which  may  occur  with  a  train  in  the  section  may  be  catalogued  as 
follow  : 

Both  relays  shunted,  no  extraneous  current.  (Normal.) 

One  relay  shunted,  the  other  energised  normally.  (Signal-circuit  broken  at  one  point.) 
One  relay  shunted,  the  other  energised  reversely.  (Signal-circuit  broken  at  two  points.) 
Both  relays  energised,  one  normally  and  one  reversely.     (Signal-circuit  broken  at  one  point.) 

The  circuit  through  the  signal  magnet  is  designed  to  be  always  open  at  one  point  when  a  train 
is  in  the  section,  and  often  at  two. 
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As  will  be  seen  from  the  diagram,  the  train-stop  is  electrically  in  parallel  with  the  signal,  and 
therefore  is  directly  controlled  by  the  signal-circuit  passing  through  the  relay  contacts. 

For  supplying  compressed  air  for  operating  the  points  and  signals,  an  air  main  2  inches  in 
diameter  runs  from  one  end  of  the  line  to  the  other.  This  is  fed  by  electrically-driven  air- com- 
pressors (in  duplicate)  which  are  placed  at  each  sub-station  Each  compressor  is  provided  with 
a  governor,  which  automatically  starts  and  stops  it,  so  as  to  keep  the  pressure  at  65  lb.  to  70  lb. 
Owing  to  the  cramped  conditions  of  the  lines  and  sidings  at  stations,  and  the  necessity  for  rapid 
movements,  operations  have  had  to  be  provided  for  on  the  District  Railway  that  are  regarded  with 
disfavour  on  ordinary  lines;  such,  for  instance,  as  the  movement  of  trains  on  the  facing  road,  as 
has  to  be  done  at  Earl's  Court.  Thesd  operations  are  properly  safeguarded  by  interlocking  and 
controlling  between  the  cabins  interested,  and  to  this  the  security  of  the  track-circuit  is  added. 

The  rule  adopted  by  steam  railroad  companies,  that  a  guard  must  not  give  the  driver  a 
"  Right-away  "  signal  if  the  fixed  signal  is  at  *'  Danger  ",  is  in  force  on  the  District  Railway. 
As  the  conductoi's  of  the  electric  trains  cannot  always  see  such  signals,  signal-indicators  are 
placed  on  the  platforms.  These  take  the  form  of  a  signal-lamp,  with  two  lenses  facing  forward 
and  two  lenses  facing  backward.  The  upper  lenses  are  yellow  and  the  lower  green,  and  the 
lights  therein  are  changed  to  correspond  with  the  fixed  signals.  This  introduction  of  yellow  is 
interesting  and  desirable.  Red  was  unsuitable,  as  it  might  be  confused  with  a  stop-signal; 
whilst  the  use  of  yellow  may  lead  to  its  introduction  on  British  railways  for  the  **  on  "  position 
of  distant  signals,  and  so  remove  the  anomaly  and  inconsistency  of  the  use  of  a  red  light  that  a 
driver  is  allowed  to  pass.  The  glass  used  is  Kopp's  patented  signal  yellow.  All  glasses  under 
the  Kopp  patents  are  spectroscopically  tested  to  see  that  the  colours  are  practically  pure.  They 
may  be  obtained  from  the  Westinghouse  Brake  Company,  Limited. 

Whilst  there  are  many  novel  features  to  be  found  in  the  signalling  of  the  District  Railway, 
there  are  two  decidedly  absolutely  novel  ideas.  One  of  these  is  an  illuminated  diagram,  which 
shows  the  signalman  what  lines  are  occupied,  when  connections  are  fouled,  and  when  trains 
are  approaching  (fig.  7  and  ^g,  12).  The  diagrams  are  similar  to  those  ordinarily  used  in 
signal-cabins,  but  the  roads,  points,  and  signals  are  painted  on  glass,  which  is  opaque  all 
over,  except  the  roads.  Electric  lamps  are  placed  behind  the  roads  in  the  diagram,  and 
are  partitioned  off  in  lengths  to  correspond  with  the  track-circuit  block  sections ;  they  are  so 
controlled  by  the  track-circuit  relays  as  to  be  always  alight,  except  when  the  circuit  is  opened 
owing  to  the  presence  of  a  train  in  the  section,  when  the  lights  go  out,  and  so  advise  the 
signalman  that  the  section  is  occupied.  It  is  a  marvellous  thing  to  a  railway  man  to  see 
how  signalmen  —  such  as  those  in  the  Mansion  House  cabin  —  are  able  to  do  their  work  prac- 
tically in  the  dark.  They  can  see  but  few  of  the  points  and  signals  they  operate,  and  yet  are 
able  to  cope  with  the  greater  frequency  of  trains  now  called  for,  and  to  manipulate  the  signals 
and  points  with  remarkable  rapidity;  and  all  this  with  an  accuracy  that  is  astonishing.  This  is 
done  entirely  by  means  of  the  illuminating  diagram,  which  includes  the  block  sections  eastward 
to  Monument  Station,  and  westwards  to  Blackfriars;  consequently  no  advice  is  required  by  the 
signalman  as  to  the  approach  of  trains,  and  no  block  instruments  whatever  are  in  use  —  another 
source  of  astonishment  to  railway  men.  A  diagram  showing  the  roads  operated  from  the  Man- 
sion House  cabin  is  given  in  figure  13.  It  will  be  seen  that  the  signalman  governs  the  move- 
ment of  trains  up  to  the  signal  protecting  the  east-bound  train  at  Monument  Station  and  the 
west-bound  line  at  Blackfriars.  This  cabin  was  one  of  the  last  to  be  opened.  This  was  done  on 
Sunday,  February  25,  1906 ;  and  although  the  work  was  delayed  owing  to  some  connections 
being  damaged  by  a  derailment  the  previous  evening,  the  old  connections  were  disconnected 
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—  and  almost  entirely  removed  —  and  the  new  apparatus  was  brought  into  service  within  three 
hours,  and  there  was  not  a  single  failure  reported  the  following  day. 

The  other  decidedly  novel  feature  is  the  magazine  train-describer  ( Westinghouse  patent).  In 
ordinary  steam  railway  practice,  trains  are  described  from  one  cabin  to  the  next  by  means  of  bell 
codes  or  train-describers.  Where,  however,  owing  to  the  use  of  automatic  signals,  there  is 
more  than  one  block  section  between  two  adjacent  cabins,  these  become  impracticable,  as  there 
is  no  permanent  record  of  their  indications,  and  the  signalman  would  have  to  trust  entirely  to 
his  memory  for  setting  the  road  and  pulling  off  the  right  signals.  On  the  District  Railway, 
where  there  are  in  one  case  twenty-five  block  sections  between  two  cabins,  and  the  trains  run  so 
close  behind  one  another,  such  a  course  is  obviously  impossible.  The  magazine  train-describer 
has  overcome  this  difficulty.  To  understand  its  workings,  the  action  of  the  men  at  the  Mansion 
House  and  South  Kensington  for  trains  going  westward  may  be  followed.  On  the  shelf  in  the 
Mansion  House  cabin  there  is  a  transmitter  (fig.  14),  on  the  face  of  which  there  are  fifteen  cir- 
cles, providing  for  fifteen  different  indications.  On  each  of  these  circles  the  head-lights  of  the 
various  trains  are  indicated.  The  signalman,  when  a  train  departs,  turns  the  pointer  to  the 
circle  corresponding  to  the  '*  marker  "  on  the  train,  and  then  pulls  forward  the  handle  on  the 
right,  whereby  from  one  to  four  circuits  are  completed.  Through  the  tunnels  run  four  electric 
line  wires,  which  are  coupled  to  the  transmitter  at  the  Mansion  House,  and  to  a  receiver  at 
South  Kensington  (fig.  15).  These  make  up  a  combination  of  a  code  composed  of  changes  ining 
on  the  four  letters  A,  B,  C,  D.  In  the  transmitter  thei'e  is  a  commutator,  which  groups  the 
four  wires  of  the  cable  in  fifteen  different  ways,  one  for  each  of  the  positions  of  the  pointer.  The 
pulling  of  the  handle  connects  the  source  of  current  to  the  cable  by  means  of  the  commutator, 
and  the  required  combination  of  electrical  currents  is  thus  sent  to  the  other  end.  Here  the 
cable  is  attached  to  four  electro-magnets,  each  provided  with  a  hammer.  These  magnets  stand 
under  the  drum  of  the  receiver  (lower  part  of  fig.  15),  and  act  upon  one  of  the  row  of  four  studs 
which  occupy  the  periphery  of  the  drum.  Through  the  action  of  the  hammer  the  studs  are 
suitably  pressed  in,  and  after  the  magnets  have  been  energised,  the  drum  automatically  turns 
one  division,  and  so  presents  a  fresh  row  of  studs  to  be  acted  on  by  the  hammers  the  next  time 
the  signalman  at  the  distant  end  describes  a  train. 

Inside  the  drum  is  a  set  of  four  springs,  which  wipe  against  the  inner  end  of  those  studs  which 
have  been  pushed  in  by  the  hammers.  When  the  drum  revolves  after  receiving  a  train  descrip- 
tion, it  carries,  these  springs  with  it ;  but  the  springs  themselves  are  capable  of  movement  in  the 
opposite  direction  to  the  drum  as  well,  such  motion  being  imparted  to  them,  one  step  at  a  time, 
each  time  that  the  receiving  signalman  passes  a  train  on  to  the  next  section. 

These  four  springs  pick  up  a  current  from  each  of  the  studs  which  have  been  pressed  in  by  the 
hammer  before  mentioned,  and  by  means  of  the  combinator  (consisting  of  four  magnets,  and 
shown  in  figure  15  above  the  receiver)  these  currents  close  one  of  the  fifteen  circuits  corres- 
ponding to  the  description  sent.  Each  of  these  circuits  actuates  a  drop  of  an  annunciator, 
similar  to  an  hotel-bell  annunciator,  placed  on  a  shelf  over  the  locking-frame.  As  long,  there- 
fore, as  the  springs  rest  on  studs  which  have  been  pushed  in,  the  corresponding  head-light 
appears  in  the  annunciator.  Only  one  indication  is  shown  at  a  time,  and  that  is  a  description 
of  the  next  train  approaching.  The  man  at  the  Mansion  House  sends,  as  each  train  leaves,  a 
description  of  the  train  which,  as  already  indicated,  is  registered  on  the  magazine;  but  as  only 
one  train  can  be  shown  on  the  annunciator  at  one  time,  the  remaining  indications  are  stored  up. 
After  a  train  has  arrived  at  South  Kensington,  the  signalman  cancels  the  indication  by  means 
of  a  plunger  on  his  shelf.     This  plunger  moves  the  springs  forward,  and  the  description  of  the 
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previous  train  disappears  and  the  next  train  appears  in  the  annunciator.  The  springs,  in  pass- 
ing? from  one  set  of  studs  to  the  next,  automatically  release  the  pi^evious  studs,  so  that  these  are 
ready  to  be  operated  on  by  the  hammers  in  due  course.  The  drums  are  entirely  self-winding, 
and  therefore  the  studs  may  be  utilised  over  and  over  again  without  attention. 

Associated  with  this  arrangement  is  the  train-destination  indicator  on  the  platforms,  as  illus- 
trated in  figure  16.  Hereon  are  marked  the  possible  destinations  of  trains,  and  on  the  painted 
glass  at  the  side  are  figures  1,  2,  3,  which  are,  however,  ordinarily  invisible.  Behind 
these  numbers  incandescent  lamps  are  placed,  and  these  light  up  and  show  1 ,  2,  3  on  different 
parts  of  the  board,  to  correspond  with  the  order  of  approaching  trains.  The  sequence  of 
trains,  as  shown  in  figure  16,  is  :  First,  an  Inner  Circle,  then  an  Addison-road,  and  finally  a 
Richmond  train,  and  passengers  are  thus  kept  fully  informed  as  to  the  destination  of  the  next 
three  trains.  These  train-destination  indicators  are  worked  by  a  magazine  train-describer  fitted 
with  three  sets  of  springs,  instead  of  one,  as  desciibed  above,  placed  in  the  circuit  running 
between  the  adjacent  cabins,  so  that  the  same  sequence  of  trains  is  stored  up  here  as  in  the 
cabin.  As  the  tiuin  leaves  the  station,  it  automatically  causes  the  1  to  disappear  and  changes 
the  2  and  3  into  1  and  2  respectively,  and  causes  a  new  3  to  appear.  These  train-destination 
indicators  are  being  fitted  at  all  the  tunnel  stations  on  the  District  Railway,  and  at  some  of  the 
other  important  stations.  At  converging  junctions,  similar  to  Earl's  Court  and  Mill  Hill  Park, 
the  signalman  is  at  liberty  to  take  on  one  train  before  the  other;  and  here,  instead  of  numbers 
appearing  opposite  the  name,  a  lighted  horizontal  shaft  is  shown.  On  accepting  one  or  the 
other,  the  signalman  plunges,  and  an  arrow-head  appears  on  the  shaft  showing  that  train  which 
is  coming  in  first.  At  Earl's  Court,  where  there  are  lines  for  trains  in  the  same  direction  on  both 
sides  of  the  platform,  the  arrows  point  towards  that  line  on  which  the  train  will  run  in. 

It  may  here  be  mentioned  that,  in  order  to  prevent  the  signalman  getting  **  out  of  step  "  when 
cancelling  his  receiver,  his  plunger  is  so  controlled  that  it  is  locked  as  soon  as  there  are  no  more 
trains  on  the  drum.  This  locking  serves  the  purpose  of  informing  the  signalman  when  the  last 
train  at  night  has  passed. 

Each  block  section  is  numbered.  The  signal  and  track  circuit  bear  the  same  number,  prefixed 
by  S  and  T  respectively.     Signal-cabins  are  designated  by  letters. 

There  are  —  or  will  be  when  the  work  is  completed  —  410  track  circuits  and  488  signals. 
The  number  of  signal  and  point  movements  per  day  are  about  40,000,  with  a  maximum  service 
of  thirty  trains  per  hour. 

Baker-Street  and  VTaterloo  Railway. 

This  line  is  signalled  in  a  similar  way  to  the  Metropolitan  District  Railway,  but  naturally  the 
apparatus  had  to  be  designed  somewhat  differently  from  that  on  the  latter  line,  in  order  to  suit 
the  altered  conditions  of  a  tube.  The  whole  line,  when  completed,  will  extend  from  Paddington 
to  the  **  Elephant  and  Castle  ",  but  in  the  portion  of  the  line  now  open  —  Baker-street  to  Ken- 
nington-road  —  there  are  but  three  cabins  (all  electro- pneumatic)  —  vis.,  Melcombe-place  (west 
of  Baker-street),  where  trains  cross  over  from  one  tube  to  the  other ;  Kennington-road,  which 
now  temporarily  forms  the  southern  terminus;  and  London-road.  Melcombe-place  cabin  is 
completely  in  the  tube,  and  is  approached  by  a  signal-ladder  and  trap-door  in  the  floor. 
London-road  is  at  the  d6p6t  on  the  surface,  near  St.  George' s-circus.  Here  again  a  position 
has  been  chosen  for  the  cabin  that  is  very  difficult  from  a  mechanically-signalled  point  of  view. 

Kennington-road  cabin  (fig.  17)  presents  a  unique  feature.     Owing  to  the  line  temporarily 


Digitized  by 


Google 


—  -1526  — 

terminating  at  this  station,  and  there  being  no  cross-over  beyond,  but  one  line  and  one  plat- 
form is  used,  and  this  line  and  platform  are  situated  in  the  tube  other  than  the  one  in  which 
the  signal-cabin  is  placed.  Therefore  the  whole  of  the  traflftc  —  a  three-minute  service  —  and 
the  working  of  the  crossover  road  for  each  northbound  train,  is  operated  by  the  signalman  with- 
out seeing  a  single  train,  signal,  or  points.  As  on  the  District  Railway,  there  are  no  block 
instruments,  so  that  the  signalman  is  entirely  dependent  on  the  illuminated  diagram.  He  appears 
to  suffer  no  inconvenience  whatever  from  this  isolation  :  a  splendid  testimonial  to  the  use  of 
track-circuits  and  an  illuminated  diagram. 

As  the  tube  is  small  —  11  ft.  6  in.  being  the  standard  diameter  —  the  signals  had  to  be 
made  especially  small.  One  is  shown  in  figure  18.  In  front  of  the  lamp  there  is  the  usual 
spectacle,  the  motor  itself  being  placed  behind  this,  instead  of  under  it,  as  in  the  larger  tunnel 
signal.  This  signal  projects  but  10  inches  from  the  side  of  the  tube.  The  signals,  as  well 
as  the  point  motors  and  movements,  are  fastened  to  the  wall  of  the  tube  in  order  to  keep  the 
4-foot  way  as  clear  of  obstructions  as  possible.  The  position  and  method  of  attachment  of  the 
mechanism  for  working  a  set  of  points  is  illustrated  in  figure  19. 

Great  Northern,  Piccadilly,  and  Brompton  Railway. 

This  line  is  also  being  fitted  with  similar  apparatus.     There  will  be  about  five  cabins. 

The  signalling  on  the  District  Railway  was  opened  gradually,  and  is,  in  fact,  not  yet  com- 
plete (May,  1906).  No  reliable  figures,  therefore,  as  to  the  ratio  of  signal  failures  to  the  total 
number  of  signal  movements  can  be  compiled;  but,  as  showing  how  successful  the  Westinghouse 
automatic  signalling  has  proved,  it  may  be  mentioned  that  during  the  ten  weeks  that  have 
elapsed  since  the  opening  of  the  Baker-Street  and  Waterloo  Railway,  the  number  of  signal 
failures  has  averaged  but  1  in  75,500  movements.  During  the  last  fortnight  of  that  time  the 
average  was  but  1  in  98,600  movements.  In  no  case  did  the  failure  result  in  the  signal  being  at 
'*  Clear  "  when  it  should  have  been  at  *•  Danger  ".  When  we  recollect  all  the  diflSculties  of  the 
situation  —  an  entirely  new  system,  and  the  men  quite  new  to  the  work  —  it  may  be  said  that 
this  record  points  to  a  high  state  of  perfection. 

The  whole  of  the  signalling  apparatus  here  described  was  installed  by  the  Underground  Elec- 
tric Railways  Company,  Limited,  of  which  company  Mr.  J.  R.  Chapman  is  the  general  manager 
and  chief  engineer;  and  was  designed  and  supplied  by  the  Westinghouse  Brake  Company, 
Limited,  who  manufactured  the  greater  part  of  it  at  their  works  at  82,  York-road,  King's  Cross, 
London,  N. 
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THE  PENNSYLVANIA  RAILROAD'S  EXTENSION  TO  NEW  YORK  AND  LONG  ISLAND. 


Figs.  1  to  5,  pp.  1528  to  1532. 


{Railroad  Gazette.) 


The  new;Pennsylvania  Railroad  station  in  New  York,  for  which  the  plans  are  now  practically 
perfected,  will  be  unique  among  all  the  railroad  stations  of  the  world  in  the  number  and  conve- 
nience of  its  entrances  and  exits.  This  condition  is  due  to  the  fact  that  each  of  the  four  sides  of 
the  structure  is  a  front,  opening  respectively  on  two  wide  avenues  and  two  important  streets, 
which  latter  have  been  widened  by  the  company  to  80  feet  each. 

The  geography  of  the  station  is  interesting.  It  is  bounded  on  the  east  by  Seventh  and  the 
west  by  Eighth  avenue ;  on  the  south  by  Thirty-first  and  the  north  by  Thirty-third  street,  Thirty- 
second  street  having  been  closed  and  included  in  the  station  site.  In  the  center  of  the  hotel, 
theatre  and  shopping  district,  the  advantage  of  its  position  is  obvious.  The  frontage  on  the 
avenues  is  430  feet  and  on  the  streets  780  feet,  the  sides  of  the  structure  forming  a  perfect  paral- 
lelogram. As  the  tracks  are  40  feet  below  the  surface  of  the  streets,  the  station  is  divided  into 
three  levels.  From  the  street  level  upwards,  the  walls  of  the  structure  rise  to  the  height  of 
60  feet  except  in  the  center,  where  the  roof  of  the  general  waiting  room  reaches  a  height  of 
IcO  feet,  and  the  comer  of  Eighth  avenue  and  Thirty- third  street,  where  there  is  an  elevation  of 
four  stories  for  office  purposes.  The  architectural  design  of  the  entire  exterior  is  a  Doric 
colonnade,  35  feet  high,  surmounted  by  a  low  attic,  raising  the  general  elevation  to  60  feet. 
The  unusual  extent  of  the  building  in  area  and  its  general  type  are  suggestive  of  the  great  baths 
of  ancient  Rome.  In  fact,  the  baths  of  Caracalla,  still  magnificent  in  their  ruins,  were  the 
inspiration  of  this  architectural  plan. 

Although  the  building  is  low  by  contrast  with  its  skyscraping  neighbours,  its  scope  makes  it 
impressive,  And  the  lofty  roof  of  the  waiting  room,  rising  high  above  the  top  of  the  surrounding 
structure,  with  its  eight  large  semi-circular  openings,  72  feet  in  diameter,  adds  dignity  to  the 
group  of  buildings  and  at  the  same  time  makes  them  a  conspicuous  landmark,  when  seen  in 
perspective  from  the  streets.  In  appearance  it  is  a  wide  departure  from  the  conventional  rail- 
road station.  One  misses  the  turrets  and  towers,  and  more  than  all,  the  lofty  arched  train  shed, 
but  as  the  principal  function  of  this  station  is  performed  underneath  the  streets,  the  upward  and 
visible  signs  of  the  ordinary  railroad  station  are  naturally  absent.  It  will  rather  resemble  some 
vast  auditorium  constructed  on  low  lines  for  the  easy  ingress  and  egress  of  a  multitude  of  people. 


Digitized  by 


Google 


—  1528 


Fig.  1.  —  Track  plan,  Pennsylvania  Station. 
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The  exterior  construction  is  to  be  of  pink  Milford  granite,  similar  to  the  building  stone  of  the 
Boston  Public  Library,  the  University  Club  in  New  York,  the  Court  House  in  Pittsburg,  and  the 
Chamber  of  Commerce  in  Cincinnati. 

The  main  entrance  is  in  the  center  of  the  structure  on  Seventh  avenue,  opposite  the  intercepted 
end  of  Thirty-second  street.  This  is  for  foot  passengers  only,  and  from  the  street  entrance  to  the 
stairway  to  the  main  waiting  room,  there  extends  an  arcade  225  feet  long  and  45  feet  wide 
flanked  by  shops,  which  will  be  occupied  by  merchants,  whose  wares  will  appeal  especially  to 
the  requirements  of  travellers.  On  either  side  of  the  Seventh  avenue  entrance,  there  are  also  a 
series  of  stores.  At  the  further  end  of  the  arcade  the  restaurant,  luncheon  rooms  and  the  caf6 
are  established,  with  proper  kitchens  and  service  connections.  Beyond,  is  the  general  waiting 
room  and  the  concourse,  all  easy  of  access  by  convenient  stairways. 

At  the  corners  of  Thirty-first  and  Thirty-third  streets  and  Seventh  avenue  are  open  pavilions, 
which  furnish  carriage  entrances  for  incoming  and  outgoing  traflSc.  Under  cover,  carriages 
descend  from  the  street  level  by  a  slight  gradient  about  20  feet  to  the  level  of  the  station  proper, 
the  Thirty-first  street  incline  being  assigned  as  an  entrance  and  the  Thirty- third  street  ascent  as 
an  exit.  By  this  arrangement,  carriage  passengers  are  delivered  at  the  most  convenient  entrance 
to  the  general  waiting  room. 

Apart  from  the  main  entrance,  there  are  other  convenient  entrances  for  foot  passengers  from 
the  street  level  to  the  general  waiting  room  and  concourse  from  both  the  streets  and  the  avenues. 
At  a  central  point  in  both  streets  wide  bridges  leading  into  the  street  floor  of  the  station  span 
the  carriage  subway.  On  the  intermediate  plane  or  level,  the  real  business  of  the  passenger 
preparatory  to  his  journey  is  transacted. 

The  general  waiting  room,  the  largest  of  its  kind  in  the  world,  320  feet  long,  110  feet  wide 
and  150  feet  high,  is  the  central  section  of  the  plan.  Within  its  spacious  walls  will  be  located 
the  ticket  otfices,  parcel  rooms,  telegraph  and  telephone  ofiices  and  baggage  checking  windows, 
all  so  disposed  as  to  situation  that  a  passenger  may  proceed  from  one  to  the  other  seriatim,  with 
a  minimum  amount  of  exertion  and  without  retracing  his  steps. 

Adjoining  the  general  waiting  room  on  the  west,  are  two  subsidiary  waiting  rooms,  58  by 
100  feet,  for  men  and  women  respectively,  provided  with  seats,  and  opening  into  retiring  rooms, 
with  lavatories  attached. 

To  the  east  of  the  general  waiting  room  the  main  baggage  room,  with  450  feet  of  frontage, 
for  the  use  of  the  transfer  wagons,  is  located,  covering  the  full  area  occupied  by  the  arcade  and 
restaurants  on  the  plane  above.  The  baggage  is  delivered  and  taken  away  through  a  special 
subway,  30  feet  wide,  extending  under  and  along  the  entire  length  of  Thirty-first  street  and 
Seventh  and  Eighth  avenues.  From  the  baggage  room,  trunks  are  delivered  to  the  tracks  below 
by  motor  trucks  and  elevators. 

The  cabstands  will  also  occupy  this  level.  There  will  be  maintained  an  ample  service  of 
electric  vehicles  of  varying  capacities  to  meet  the  requirements  of  travellers. 

Parallel  to  and  connecting  with  the  main  waiting  room  by  a  wide  thoroughfare  and  west  of  the 
subsidiary  waiting  rooms  is  the  concourse,  a  covered  assembling  place  over  100  feet  wide, 
extending  the  entire  width  of  the  station  and  under  the  adjoining  streets.  An  idea  of  the  width 
of  this  concourse  is  gained  by  a  comparison  of  it  with  the  lobby  of  the  Jersey  City  train  shed, 
which  is  narrower  by  25  feet.  This  may  be  termed  the  vestibule  to  the  tracks,  as  two  sets  of 
stairs  descend  from  it  to  each  of  the  train  platforms  on  the  track  level.  The  concourse  and 
adjacent  areas  are  open  to  the  tracks,  forming  a  courtyard  340  feet  wide  by  210  feet  broad, 
roofed  by  a  lofty  train  shed  of  iron  and  glass,  similar  in  design  to  the  famous  train  sheds  of  the 
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new  stations  in  Frankfort  and  Dresden, 
Germany.  In  addition  to  the  entrances  to 
the  concourse  from  the  waiting  room,  there 
are  also  direct  approaches  from  Thirty- 
first,  Thirty -third  streets  and  Eighth 
avenue. 

The  gates  of  the  stairs  descending  from 
the  concourse  to  the  trains  will  bear  signs 
announcing  the  name,  destination  and  the 
time  of  departure  of  the  train  on  the  parti- 
cular platform  where  the  stairs  land. 

Auxiliary  to  the  main  concourse  and 
located  between  it  and  the  tracks,  is  a 
sub-concourse,  60  feet  wide,  which  will 
I  be  used  for  exit  purposes  only.  This 
Z  passage-way  is  18  feet  above  the  tracks, 
"I  but  is  connected  with  the  track  level  by 
*"  two  stairways  and  one  elevator  from  each 
§  plat- form.  From  it  ample  staircases  and 
5  inclines  lead  dii*ectly  to  Thirty-first,Thirty- 
§  third  and  Thirty-fourth  streets,  to  Eighth 
g  avenue  and  to  future  rapid  transit  stations 
c  under  Seventh  or  Eighth  avenues.  Direct 
■^  connection  may  also  be  made  with  the  pro- 
'^  posed  subway  stations  on  Herald  Square 
°  without  ascending  to  the  street  level. 
.£  The  northern  side  of  the  station  extend- 

%  ing  along  Thirty-third  street  will  be  as- 
I  signed  to  the  suburban  service  of  the  Long 
Island  Railroad,  into  which  trains  will  run 
from  all  points  on  Long  Island  by  way  of 
'^  the  East  River  tunnels.  Ample  entrances 
and  exits  are  provided  on  Seventh  and 
Eighth  avenues  and  Thirty-third  street,  so 
that  this  traffic  can  be  handled  in  connec- 
tion with  the  adjacent  subways  and  the 
surface  lines  on  the  surrounding  streets 
independently  of  the  rest  of  the  station. 
The  third  level,  which  is  at  a  depth 
below  the  surface  of  the  street  correspond- 
ing to  the  height  of  a  four-story  building, 
is  the  track  level.  When  the  two  tracks 
emerge  from  the  tubes  under  the  Hudson 
and  reach  the  entrance  to  the  station  yards 
at  Tenth  avenue,  they  begin  to  multiply, 
and  at  Ninth  avenue,  and  extending  into 
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the  station,  the  total  number  has  grown  to  21.  There  is  also  a  reduction  in  the  number  of 
tracks  leading  out  of  the  station  to  the  east,  to  a  total  of  four  for  the  main  line,  two  passing 
under  Thirty-second  and  two  under  Thirty-third  street,  and  thence  under  the  East  River  to  the 
Long  Island  City  yards.  The  track  surface  of  the  station  may  be  compared  to  two  unfolded  fans 
joined  together  at  the  open  ends,  the  handle  of  one  extending  under  the  Hudson  and  that  of  the 
other  under  East  River.  Within  the  station  area,  covering  25  acres  of  ground  space,  there  are 
16  miles  of  tracks.  This  trackage  area  will  afford  ample  facilities  for  easy  movement  of  many 
hundred  trains  per  day  by  the  prompt  and  eflScient  means  of  electric  power.  Through  train 
from  the  western  side  of  the  Hudson,  after  discharging  passengers,  will  proceed  at  once  to  Long 
Island  City,  where  the  train  yards  and  terminals  will  be  located,  thus  leaving  the  station  tracks 
clear  ^f  any  idle  equipment,  and  likewise  the  westbound  through  trains  made  up  at  the  Long 
Island  City  terminal  will  pass  through  the  station,  stopping  only  to  take  up  their  quota  of 
passengers.  The  suburban  service  of  the  Long  Island  Railroad  will  be  operated  on  the  **  shuttle  " 
plan,  by  which  the  trains  are  kept  in  continuous  motion  in  and  out  of  the  station. 

The  planning  of  the  station,  with  its  numerous  entrances  and  exits  independent  of  each  other 
and  separating  the  incoming  from  the  outgoing  throng,  was  worked  out  to  facilitate,  in  the 
greatest  measure,  the  prompt  and  uninterrupted  movement  of  the  traffic. 

The  exposure  of  the  building  on  all  four  of  its  sides  to  main  arteries  of  street  traffic  gives  the 
plan  a  flexibility,  which  is  rarely  obtainable  in  a  building  of  such  enormous  proportions  situated 
in  the  heart  of  a  great  city,  and  also  insures  easy  connections  by  underground  subways  with  the 
future  extensions  of  the  city's  rapid  transit  system  under  Seventh  and  Eighth  avenues  and  the 
cross  streets. 

The  designs  for  the  station  were  made  by  McKim,  Meade  and  White,  and  will  be  executed 
under  their  direction. 
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SECOND  CONFERENCE  FOR  THE  REVISION 

OF   THE 

INTERNATIONAL  CONVENTION  ON  THE  TRANSPORT  OF  GOODS  BY  RAILWAY. 


{Bulletin  de$  tranaports  inlernationaux  par  chemins  d«  fer.) 


As  Mr.  Zemp,  federal  councillor,  remarked  in  his  inaugural  address,  that  the  second  conference 
of  revision  should,  according  to  article  59  of  the  international  convention,  have  been  summoned 
for  1899,  that  is,  three  years  after  the  1896  conference.  The  preparations  necessary  should  have 
been  made  in  1898,  at  the  latest.'  But  as  it  was  already  foreseen  in  1898,  that  the  ratification  of 
the  decisions  of  Paris  by  all  the  States,  and  consequently  their  coming  into  force,  would  require 
considerably  more  time,  the  Federal  Council,  at  the  request  of  the  Central  Office,  proposed,  on 
August  30,  1898,  to  the  States  concerned,  to  postpone  the  conference,  and  all  the  States  without 
exception  accepted  this  proposition.  When  subsequently,  on  October  10,  1901,  the  decisions  of 
the  Paris  conference  came  into  force,  it  then  became  necessary,  during  the  second  half  of  1902, 
that  the  States  concerned  should  send  in  their  amendments  which  were  to  be  submitted  to  the 
next  conference.  The  request  to  this  effect  was  actually  issued  on  December  13,  1902.  the 
States  being  requested  to  send  in  such  amendments  to  the  Central  Office  by  the  end  of  Sep- 
tember, 1903.  It  was  at  that  time  intended  to  hold  the  second  conference  of  revision  towards 
the  end  of  summer  1904.  As  however  the  proposals  of  several  States  had  not  yet  been  received 
in  the  middle  of  1904  and  were  only  submitted  by  the  end  of  the  year,  a  second  postponement 
became  necessary.  The  notices  were  therefore  sent  out  at  a  later  date;  they  appointed  July  4, 
1905,  for  the  meeting  of  the  States,  at  Berne,  and  on  that  day  the  conference  accordingly  met. 

In  this  connection,  it  may  be  stated  that  as  a  result  of  past  experience  the  Bern  conference 
proposed  that  the  meeting  of  the  delegates  of  the  States  concerned  shall  only  be  held  at  least  five 
years  after  the  modifications  decided  on  at  the  last  conferetxce  of  revision  have  come  into  foi^ce. 
The  convention  has  been  so  satisfactory  and  its  decisions  have  been  recognized  as  so  just,  that 
these  have  been  incorporated  in  the  home  legislation  of  most  of  the  States  concerned.  Thus 
each  amendment  passed  by  the  conference  reacts  on  the  home  legislation  of  those  States.  It  is 
hence  neither  necessary  nor  advisable  that  alterations  should  be  made  too  frequently,  and  there- 
fore an  interval  of  five  years  is  better  than  one  of  three. 

These  considerations  duly  affected  the  deliberations  of  the  conference  generally.  The  amend- 
ments proposed  in  no  way  affect  the  principles  of  the  convention,  and  the  rejection  of  a  certain 
number  of  proposals  is  due  to  the  wish  of  the  majority  not  to  disturb  existing  arrangements.  It  is 
for  the  same  reason  that  the  conference  decided  only  to  consider  proposals  in  connexion  with  the 
list  of  subjects  to  be  considered,  and  which  consequently  had  been  brought,  before  the  meeting  of 
the  conference,  to  the  notice  of  the  States  concerned,  so  that  the  delegates  could  receive  instruc- 
tions about  them.  For  this  reason,  several  proposals  made  during  the  meeting,  and  well  worth 
attention,  were  not  discussed ;  for  instance,  the  proposal  that  the  railway  should  be  allowed  to 
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deliver  goods  to  the  consignee  who  has  withdrawn  his  refusal  of  delivery,  before  the  said  railway 
has  received  the  instructions  the  consignor  has  been  asked  to  give.  The  proposers  were  given 
the  option  of  bringing  forward  these  proposals  at  the  next  conference  of  revision. 


Among  the  proposals  which  were  rejected  at  the  Paris  conference  by  a  majority  of  votes,  there 
were  more  especially  two  which  were  again  brought  forward,  but  not  quite  in  the  same  form; 
these  were  again  rejected. 

The  first  concerned  the  responsibility  of  the  railtcay  in  selecting  the  route  when  the  consig^ior 
hca given  no  instructions  07i  this  point.  Austria  and  Hungary  again  proposed,  maintaining  their 
thesis  with  much  energy,  that  the  railway  was  responsible  for  the  consequences  of  its  selection 
by  the  same  right  as  an  ordinary  carrier,  or  that  —  eventually  —  it  was  liable  not  only  for  a 
serious  fault  but  for  its  fault  generally.  The  supporters  of  this  proposal  urged  the  complaints 
made  by  many  interested  parties  who  insistently  demanded  an  increase  in  the  responsibility  of 
railways.  According  to  them,  the  responsibility  for  a  serious  fault  is  quite  insuflScient;  the 
railways  themselves  recognize  this  in  the  arrangement  of  their  tarifis,  which  admit  the  claims  of 
consignors  even  in  cases  where  there  is  no  serious  fault ;  it  is  equally  erroneous  to  consider  it  a 
fault  of  the  consignor  not  to  indicate  the  route,  for  he  has  the  righty  but  is  not  bound,  to  indicate 
it.  On  the  other  hand,  the  objection  was  raised  that  the  proposals  made  by  Austria  and  Hungary 
went  too  far,  that  the  need  for  increased  responsibility  was  not  claimed  in  all  the  States,  and  that 
moreover  the  meaning  of  the  phrase  **  by  the  same  right  as  an  ordinary  carrier  '*  was  ambiguous, 
and  that  the  meaning  itself  of  ^*  fault  '*  was  not  the  same  in  all  countries.  There  was  also  a 
counter- proposal  before  the  preparatory  commission  to  omit  altogether  in  clause  I  of  article  6  the 
second  sentence  of  paragraph  2,  according  to  which  the  responsibility  of  a  railway  is  limited  to  a 
serious  fault ;  the  result  would  be  that  the  extent  of  the  responsibility  for  selection  of  route  would 
be  determined  in  each  State  by  its  home  legislation.  This  counter-proposal  was  passed  by  the 
commission  with  the  consent  of  the  Austrian  and  Hungarian  delegates,  by  6  votes  against  5 ;  but 
it  was  rejected  at  the  general  meeting,  after  very  thorough  discussion,  by  a  similar  number  of  votes 
(5  in  favour  of,  6  against),  and  this  vote  resulted  in  the  rejection  of  the  original  proposal 
concerning  the  responsibility  for  selection  of  route. 

Austria  and  Hungary  also  again  brought  forward  the  proposal,  concerning  article  10,  submitted 
to  the  Paris  conference,  to  allow  the  consignor  to  reserve  for  himself,  by  means  of  an  entry  in 
the  way-bill,  the  right  to  carry  out  himself  or  by  a  representative  the  customs  formalities  on  the 
way.  This  question  was,  both  at  the  preparatory  commission  and  the  general  meeting,  a  subject 
of  as  thorough  a  discussion  as  that  of  the  responsibility  of  the  railway  in  selecting  the  route.  The 
representatives  of  Austria  and  Hungary  met  the  objection,  that  the  need  for  change  had  not 
made  itself  felt,  by  referring  to  the  numerous  petitions,  requests  and  opinions  continually 
emanating  from  the  local  business  world,  strongly  expressing  the  desire  to  abolish  what  was 
called  the  monopoly  of  the  railway  in  matters  of  customs  clearance.  Otherwise  the  arguments 
for  and  against  were  similar  to  those  at  Paris.  More  particularly  was  it  stated  that  the  proposed 
modification  of  article  10  would  involve  delays  in  the  carriage  and  an  increase  in  the  responsibility 
of  railways.  These  objections  had  been  already  raised  before  the  commission.  *^  The  majority 
of  the  commission,  taking  into  consideration  that  the  proposal  would  be  contrary  to  the  legal  prin- 
ciple that  he  who  has  the  custody  of  an  article  is  responsible  for  it ;  taking  into  consideration  that 
in  the  majority  of  countries  no  real  want  in  this  direction  has  manifested  itself;...  finally  taking 
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into  consideration  that  under  certain  conditions  the  responsibility  of  railways  would  be  increased, 
by  the  admission  of  strangers,  and  that  the  necessity,  in  all  cases,  of  advising  the  representatives 
in  question  would  cause  a  delay  in  the  carriage,  is  of  opinion  that  the  proposal  should  be 
dropped.  "  (Extract  from  the  report  of  the  commission.)  The  general  meeting  came  to  a 
similar  decision. 

The  addition  proposed  to  article  10  (4),  of  giving  the  right  to  be  present  during  the  adminis- 
trative opei-ations  to  the  party  concerned  or  to  his  agent,  was  also  rejected.  The  same  fate  met 
proposals  that  the  parties  concerned  should  have  the  right  of  paying  the  customs  duties  and 
taking  the  customs  receipts,  which  also  tended  to  compel  the  railway  eventually  to  carry  out  the 
formalities  in  the  way  most  advantageous  to  the  consignor. 

On  the  other  hand,  the  decisions  of  the  Paris  conference  were  amended  in  the  following  manner : 

1°  Paragraph  2  of  the  regulations  originally  laid  down  that  paper  of  a  dark  pink  colour 
should  be  used  for  quick  freight  way-bills.  This  was  modified  at  the  supplementary  convention 
of  1898  (in  accordance  with  the  decisions  of  the  Paris  conference);  the  print  on  the  quick  freight 
way-bills  (as  on  the  slow  freight  way-bills)  was  to  be  on  white  paper,  with  a  red  band  at  the  top 
and  bottom  edges,  on  both  front  and  back  of  the  paper.  This  has  now  been  made  more  definite  : 
the  red  bands  on  quick  freight  way-bills  must  be  at  least  1  centimetre  (^/g  inch)  wide.  In  order 
however  to  allow  existing  stocks  to  be  used  up,  this  regulation  will  not  come  into  force  till  not 
more  than  a  year  has  expired  after  the  coming  into  force  of  the  modified  convention, 

2®  At  the  Paris  conference,  a  paragraph  5  had  been  added  to  article  7,  in  which  it  was 
specified  (clause  c),  that  *'  in  case  of  overweight  produced,  during  the  carriage,  by  atmospheric 
influences,  no  excess  rate  is  chargeable  if  the  consignor  proves  that  when  loading  the  wagon  he 
observed  the  regulations  in  force  at  the  sending  station  '\  At  it  seems  equally  equitable  to 
exempt  the  consignor  from  any  penalty  when  there  is  an  increase  of  weight  produced  by  atmos" 
pheric  influences,  which  does  not  involve  an  excess  rate,  it  was  decided  to  add  to  paragraph  5  of 
article  7  a  clause  d  to  this  effect. 

3®  The  right  of  control  of  the  consignor,  over  the  goods  (article  15)  has  been  definitely  (in 
accordance  however  with  the  resolution  on  ultimate  control  passed  at  the  Paris  conference),  so 
that  it  also  includes  the  right  of  ordering  goods,  which  are  being  conveyed,  to  be  returned  to  the 
sending  station ;  an  addition  to  this  effect  was  made  to  paragraph  7  of  article  15. 

Moreover  the  following  alterations  and  additions  were  decided  on  : 

a)  International  Convention. 

lo  As  regards  the  consigning  and  loading  of  goods,  the  rules  and  regulations  of  the  sending 
railway  must  of  course  be  respected;  just  as  the  delivery  of  the  goods  is  subject  to  the  laws  of  the 
country  in  which  the  receiving  railway  is,  as  laid  down  in  article  19.  Article  5  was  accordingly 
amended  by  a  paragraph  5  as  follows  : 

T?ie  consigning  and  loading  of  goods  is  to  be  regulated  according  to  the  laws  and  regulations 
in  force  on  the  lines  of  the  administration  to  which  the  sending  station  belongs, 

2°  Contents  of  the  toay-bill  (art.  6).  —  a)  According  t.o  the  actual  wording  of  clause  c  of 
article  6,  the  way-bill  must  contain  **  the  name  of  the  receiving  station,  the  name  and  address  of 
the  consignee  ".  It  was  decided  to  add  to  this  clause  c  the  words  "  and,  the  case  arising^  the 
statement  that  the  goods  are  adressed  to  an  office  or  station,  to  be  called  for  ".     The  need,  for 
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business  purposes,  of  being  able  to  send  goods  '*  to  be  called  for ' '  has  been  disputed  by  nobody, 
and  it  has  been  recognized  that  it  should  be  possible  to  enter  the  instruction  *•  to  be  called  for  " 
on  the  way-bill.  On  the  other  hand,  a  similar  proposal,  but  of  wider  scope,  was  rejected ;  it  was 
to  the  effect  that  if  the  consignor  named  himself  as  consignee,  the  instruction  might  be  given  that 
the  railway  should  be  authorized  to  deliver  the  goods  to  the  bearer  of  the  duplicate  of  the  way- 
bill, on  the  production  of  the  latter.  The  preparatory  commission  gave  as  reason  for  rejection 
that  this  alteration  was  far  from  meeting  a  general  want,  and  that  the  consignor  is  at  presentable 
to  send  the  goods,  before  they  are  sold,  by  adressing  them  to  himself,  to  be  called  for.  Moreover, 
if  the  duplicate  of  the  way-bill  were  accepted  as  an  authorization  for  the  delivery  of  goods,  that 
duplicate  would  be  given  a  value  which  the  convention  at  present  does  not  recognize  it  possesses, 
and  in  the  nature  of  things  it  would  become,  among  bussiness  people,  a  species  of  bill  of  lading, 
without  the  safeguards  which  the  legislation  of  every  country  provides  for  the  transfer  of  docu- 
ments to  order.  In  spite  of  the  earnestness  with  which  this  proposal  was  urged  by  the  delegates 
of  the  States  who  had  submitted  it,  the  conference  did  not  adopt  this  innovation. 

b)  An  addition  was  made  to  clause  h,  paragraph  1,  article  6,  to  the  effect  that  the  way-bill  must 
always  contain  the  reservation  resulting  from  parajyraph  4  of  article  iO.  In  the  original 
wording  of  clause  /,  the  stations  which  had  to  be  mentioned  also  included  those  where  the  admi- 
nistrative examinations  necessary  had  to  be  made,  and  sub-division  1<*  of  the  first  paragraph  of 
the  same  clause  /  contains,  as  a  new  condition  to  which  the  power  of  the  railway  to  select 
another  route  than  that  named  by  the  consignor  is  subordinated,  that  the  station  named  by  the 
lattei'  for  administrative  eocaminaXion  is  not  to  be  changed.  —  It  was  entered  in  the  minutes  that 
in  so  far  as  the  administrative  examinations  enumerated  under  clauses  h  and  I  of  article  6  and 
the  necessary  formalities  mentioned  in  paragraphs  1  and  3  of  article  10  are  concerned,  these 
proceedings  also  include  the  examinations  and  formalities  of  the  sanitary  authorities. 

3®  Limitation  of  proceedings  for  the  payment  or  recovery  of  overcharges.  —  Very  different 
legal  opinions  have  arisen  on  the  subject  of  the  limitation  of  proceedings  for  the  payment  of 
overcharges,  and  more  especially  on  the  question  of  within  what  time  overcharges  are  barred 
has  had  very  diverse  interpretations.  In  order  to  settle  the  doubts  which  have  arisen  in  this 
connection,  a  new  paragraph  6,  article  7,  was  adopted,  as  follows  : 

Proceedings  for  the  payment  or  recovery  of  overcharges  (chapter  3,  paragraphs  1  to  5,  and 
chapter  9,  paragraph  2,  of  the  regulations)  are  barred  by  limitation  after  a  year,  unless,  as 
bettoeen  the  parties  concerned,  there  has  been  an  acknowledgmetit  of  the  debt,  a  compromise  or  a 
judgment.  The  limitation  dates,  in  the  case  of  proceedings  f&r  the  payment  of  overcharges, 
from  the  day  the  cost  of  carriage  is  paid,  or  if  there  has  been  fw  cost  of  carriage  to  pay,  from  the 
day  the  goods  loere  handed  over  for  carriage;  in  the  case  of  proceedings  for  the  recovery  of 
overcharges,  from  the  day  whoi  the  overcharges  toere  paid.  The  p^^ovisions  of  article  45, 
paragraphs  S  and  4,  apply  to  the  limitation  mentioned  above.  The  provisions  of  article  44, 
paragraph  1,  do  7iot  apply  in  this  case. 

4®  Carrying  out  the  customs  and  octroi  formalities  of  the  goods  at  the  receiving  station.  — 
According  to  paragraph  5  of  article  10,  the  consignee  has  the  right  to  attend  to  the  customs  for- 
malities at  the  receiving  station,  after  the  goods  have  arrived.  The  question  whether,  if  this  is  not 
specified  and  if  the  consignee  does  not  wish  to  exercise  this  right,  the  railway  is  bound  to  attend 
to  the  customs  and  octroi  formalities,  has  been  asked  on  sundry  occasions  and  answered  in 
different  ways.     The  majority  of  the  commission  on  considering  the  question,  decided  in  the 

7.  XI  107 


Digitized  by 


Google 


—  1538  — 

affirmative  and  stated  that  it  could  hardly  be  doubted  that  when  the  international  convention 
was  founded,  it  was  certainly  intended  that  the  railway  should  be  so  bound.  The  commission 
did  not  share  the  view  according  to  which  the  eventual  obligation  of  the  railway  is  settled  by  the 
provisions  of  article  19,  that  is  to  say,  by  the  laws  and  regulations  in  force  at  the  destination. 
The  conference  adopted  the  conclusions  of  the  commission  and  added  to  paragraph  5  of  article  10 
the  following  words  :  If  these  formalities  are  attended  to  neither  by  the  consignee,  nor  by  a 
hird  party  named  by  the  consignor'  in  the  toay-bill,  then  the  railway  is  bound  to  attend  to  them. 

5<»  Collection  of  the  cost  of  carriage  and  connection  of  rates  wrongly  determined.  —  In  order  to 
generalize  the  practice  which  already  obtains  in  most  international  traffic  relations,  paragraph  1 
of  article  12  received  the  addition  :  any  part  of  the  cost  of  carriage  may  be  paid  in  advance. 

Moreover,  paragraph  4  of  article  12  was  amended,  to  the  effect  that  if  the  railway  discovers  any 
irregularity  in  the  application  of  the  tariff  or  error  in  the  calculation,  The  party  cotwerned  must 
be  informed  tfiereof  as  soon  as  possible.  The  conference  considered,  with  the  proposers  of  this 
clause  (Austria  and  Hungary),  that  such  a  clause  was  justified  in  the  commercial  interest,  all  the 
more  so  as  it  is  already  inserted  in  some  of  the  tariffs.  In  order  to  prevent  it  from  degenerating 
into  a  measure  of  red  tape,  it  was  recorded  in  the  minutes  that  it  is  allowable,  when  a  railway 
takes  such  action,  to  do  so  either  by  writing,  by  calling,  by  telephone,  or  by  any  other  method. 

6°  Charges  forward  (art.  13).  —  In  order  to  obtain  a  closer  agreement  between  the  German 
text  and  the  French  text,  it  was  decided  to  replace  in  paragraph  1  the  word  **  Nachnahme  "  by 
the  words  **  Nachnahme  ^tach  Eiyigang  " ;  moreover,  the  second  sentence  of  the  same  paragraph, 
stating  that  charging  forward  can  be  refused  in  the  ca^e  of  goods  for  which  the  railway  can 
demand  the  cost  of  carriage  in  advance,  was  struck  out.  It  was  also  decided  that  it  should  be 
definitely  stated  that  the  consignor  is  authorized  generally,  and  consequently  also,  in  the  case  of 
goods  for  which  the  carriage  must  be  paid  in  advance,  to  place  charges  forward  on  the  consign- 
ment up  to  its  value. 

Moreover,  the  following  new  paragraph  5  was  added  to  article  13  : 

Disbursements  can  only  be  made  in  accordance  with  the  regiUations  in  force  on  the  railway 
in  question. 

The  authorization  to  make  disbursements,  it  is  true,  is  already  implied  by  the  wording  of  the 
way-bill;  it  was,  however,  found  advisable  to  state  this  in  the  convention  proper. 

7°  Procedure  in  case  of  interruption  in  the  carriage.  —  In  order  to  lay  down  a  proper  legal 
basis  for  answering  the  question  whether,  if  one  of  the  impediments  to  carriage  provided  for  in 
article  18  turns  up,  the  railway  is  entitled  to  claim  the  repayment  of  the  extra  charges  resulting 
from  the  carriage  of  the  consignment  by  another  route,  it  was  decided  to  add  at  the  end  of 
paragraph  3  of  article  18,  in  accordance  with  subdivision  5°  of  the  supplementary  common 
cx)nditions  of  article  18  laid  down  by  the  international  railway  union,  the  following  clause  : 

In  case  the  consignment  is  conveyed  to  the  receiving  station  by  another  route,  the  railway  is 
entitled  to  claim  the  jxiyment  of  the  s^upplementary  charges. 

8°  Procedure  in  case  of  impediments  to  delivery.  —  Germany,  on  the  one  hand,  and  Austria 
and  Hungary  on  the  other,  had  drawn  up  proposals  tending  to  safeguard  the  rights  of  the 
consignor  and  to  compel  the  railway  to  advise  him  by  wire  if  there  was  any  impediment  to  the 
delivery  of  quick  freight  consignments,  of  animals  and  of  perishables. 
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The  preparatory  commission  thought  th^t  the  duty  of  advising  the  consignor  by  wire  if  there 
was  any  impediment  to  the  delivery  of  goods  should  also  apply  to  slow  freight  when  the  consignor 
has  given  instructions  to  this  efTect  in  the  way-bill.  The  conference  adopted  this  view,  and 
while  generally  approving  the  proposals  submitted,  it  gave  to  paragraph  1  of  article  24  the 
following  form : 

When  there  are  any  impediments  to  the  delivery  of  a  consignment^  the  delivernng  statum  must 
inform  the  consignor  tcithoiit  delay,  through  the  medium  of  the  sending  station^  and  ask  for 
his  instructions.  This  must  he  done  at  once^  by  wire,  if  a  dematui  to  this  effect  has  been  entered 
in  the  way 'bill.  The  cost  of  this  ope^'ation  is  a  charge  on  the  consignment.  If  the  consignee 
refuses  the  const gmnent,  the  consignor  has  the  7ight  to  dispose  of  it,  even  if  he  is  unable  to 
produce  the  duplicate  of  the  u>ay-bUL  In  no  case  can  the  consignment  be  sent  back  without  the 
definite  consent  of  the  consignor*. 

9**  Amounts  to  be  claimed  in  case  of  delay  in  the  delivery  of  consignments,  under  special 
declaration.  —  As  it  sometimes  happens  that  in  carrying  out  the  existing  provisions  of  article  40 
of  the  international  convention,  a  smaller  amount  of  compensation  is  paid  than  if  there  had  been 
no  special  declaration,  Austria  and  Hungary  proposed  that  if  in  any  case  the  declared  amount  is 
less  than  the  total  cost  of  carriage  which  would  have  had  to  be  refunded  provided  there  had  been 
no  special  declaration^  the  latter  amount  can  be  claimed.  This  proposal  was  adopted  without 
opposition,  but  in  a  slightly  modified  form. 

As  regards  article  58,  an  entry  was  made  in  the  minutes,  as  showing  the  point  of  view  of  the 
conference,  that  the  time  of!  month  as  provided  in  article  58,  paragraph  2,  must  be  reckoned 
in  such  a  way  that  the  admission  of  a  new  railway  to  the  international  transport  service  takes 
place  after  the  etid  of  the  day  having  a  date  corresponding  to  that  on  which  the  notice  was  given; 
or  ifthei'e  is  no  such  date  in  the  months  in  question,  after  the  end  of  the  last  day  of  the  month. 
Thus,  if  the  notice  is  dated  January  25^  the  admission  is  when  February  26  has  etuied.  Similarly 
if  the  notice  is  dated  JaJtuary  30  or  SI,  the  admission  is  whefi  the  last  day  of  February  has 
ended. 

Article  6,  paragraph  1  (clause  ^-3°),  article  10,  paragi-aph  3,  article  15,  paragraphs  2  and  5, 
article  16,  paragraph  2,  and  articles  17  and  45,  paragraph  1,  were  only  altered  in  wording;  it 
is  not  necessary  to  consider  these  alterations  in  this  place.  Some  of  the  alterations  were  mere 
improvements  in  the  French  of  the  German  text ;  then  also  the  wording  of  way-bills  and  the  form 
for  the  ulterior  disposal  as  provided  for  in  article  15  have  been  modified. 

b)  Regulations  laid  down  for  carrying  out  the  convention  and  appendices. 

Chapter  1  concerning  objects  twt  ca7*ried  or  only  cariHed  conditionally  was  not  drawn  up 
sufficiently  clearly,  and  did  not  sufficiently  agree  with  the  provisions  contained  in  3**  and  4°  of 
the  supplementary  convention  of  July  16,  1895  ;  it  was  therefore  proposed  to  recast  it,  and  the 
proposal  was  adopted. 

In  this  connection,  the  '•  final  provision  "  of  appendix  1  (provision  concerning  articles  carried 
conditionally),  which  had  been  adopted  at  the  Fans  conference,  received,  in  paragraph  1 ,  the 
following  amended  form  : 

Two  or  more  or  even  all  the  contracting  States  may  decide,  by  sjtecial  agreement,  that  certain 
articles  eoccluded  by  the  present  interiiatiofial  transport  convention  may  be  admitted  under  spenal 
conditions  or  that  the  artiples  named  in  appendix  1  may  be  carried  under  less  stringait  condi- 
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tions.  These  agreements  may  he  arrived  at  by  mutual  corresj)07uience  or  as  a  result  of  a 
technical  conference  called  for  the  purpose.  In  all  cases  ^  the  intermediary  of  the  Central  Office 
of  international  railway  transport  at  Bern,  tnay  be  sought.  The  administratiofis  of  the  railways 
concerned  can  also^  in  their  tariffs^  admit  certain  articles  not  carried,  or  impose  less  stringent 
conditions  than  those  U7ider  which  articles  only  admitted  conditionally  are  carried^  provided  : 

a)  That  the  home  regulations  allow  the  articles  in  question  to  be  carried,  or  admit  the  specified 
co7iditions  which  are  to  be  applied  to  such  articles ; 

b]  That  the  tariffs  drawn  up  by  the  administratimis  of  the  railways  are  approved  by  all  the 
authorities  concerned. 

The  extension  given  to  this  provision  is  that  the  procedure  is  to  be  followed  when  agreements 
are  made  between  the  contracting  States  for  facilitating  their  reciprocal  traffic  is  defined  more 
clearly ;  either  by  correspondence,  if  necessary  by  the  intermediary  of  the  central  office,  or  as  a 
result  of  a  technical  conference  called  for  the  purpose.  In  this  way,  was  resolved  the  proposal 
made  by  Switzerland,  that  the  provisions  applying  to  articles  accepted  for  carriage  under  certain 
conditions  should  be  developed  without  break,  even  in  the  intervals  between  the  periodic  revision 
conventions.  The  proposal  of  appointing  a  permanent  technical  commission  for  the  purposes  of 
continuing  this  interrupted  development  was  supported  by  nobody.  The  proposal  of  re-arranging 
the  numbering  of  appendix  1  was  also  rejected,  owing  to  the  practical  consequences  this  would 
have. 

§  2.  Form  of  the  way-bill,  —  Apart  from  the  provision,  already  previously  modified,  concerning 
the  red  band  on  quick  freight  way-bills,  it  was  decided  that  when  goods  which  hav>e  to  be  loaded 
by  the  consignor  are  handed  over  for  forwarding^  he  has  to  enter,  in  the  space  provided  for  the 
purpose,  the  number  and  the  marks  showitig  the  ownership  of  the  wagon.  Then  the  following 
provision  (identical  with  3°  of  the  supplementary  common  conditions  of  article  6)  was  added  in 
the  form  of  a  new  paragraph  : 

If  in  one  and  the  same  place  there  are  stations  belonging  to  different  administrations,  or  if 
there  are  stations  having  the  same  or  nearly  the  same,  name,  the  consignor  is  bound  to  enter  the 
name  of  the  receiving  railway^  in  the  spa^e  provided  in  the  way-bill  for  the  purpose. 

This  last  provision  has  in  the  first  place  the  object  of  bringing  the  regulations  in  existence  into 
agreement  with  the  actual  form  of  the  way-bill.  The  other  modification,  of  replacing  *'  owner  * ' 
by  **  marks  showing  the  ownership  **,  is  due  to  the  wish  of  avoiding  confusion  and  complaint  as 
much  as  possible. 

§  3.  Excels  rates.  —  Modifications  in  wording  were  made  in  paragraphs  1  and  4  of  this 
chapter.     Paragraph  1  was  brought  into  agreement  with  the  new  chapter  1 . 

In  connection  with  paragraph  4,  the  following  should  be  mentioned  : 

An  elucidation  seemed  desirable  in  order  to  do  away  with  what  doubts  had  arisen  on  the 
question  of  knowing  whether,  by  the  present  wording,  «  allowed  loading  of  wagon  »  meant  the 
upper  limit  of  the  load  —  in  the  case  of  paragraph  5,  clause  a,  the  normal  weight  of  the  load  or 
the  tonnage  plus  5  per  cent,  and  in  the  case  of  clause  b,  the  tonnage  marked  —  or  the  lower 
limit  of  load  —  in  the  case  of  paragraph  5  clause  a  the  normal  weight  of  the  load  or  the  tonnage 
without  any  increase,  and  in  the  case  of  clause  b  the  normal  weight  of  load  marked.  Conse- 
quently the  first  sentence  of  paragraph  4  has  been  worded  as  follows  : 

In  case  of  overweight  of  a  wagon  loaded  by  the  consignm*,  the  eoccess  rate  will  be  sioc  times  the 
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rate  of  the  carriage  from  the  sending  station  to  the  receiving  station  of  the  weight  in  excess  of 
the  higher  of  the  two  limits  specified  in  paragraph  5, 

§  6.  Time  limit  for  delivery.  —  Improvements  have  been  made  in  the  wording  of  jiaragraph  4 
containing  the  provisions  concerning  the  mention  of  the  cause  and  the  length  of  the  increase  of 
the  time. 

Paragraph  5  of  chapter  6  of  the  regulations  states  that  the  time  of  delivery  is  kept  either  if 
the  consignment  is  delivered  or  advice  of  its  arrival  is  given,  whereas  the  paragraph  makes  no 
stipulation  of  the  keeping  of  the  time  of  delivery  of  goods  which  must  neither  be  delivered 
at  a  given  address,  nor  advised.  In  order  to  provide  for  this  omission,  it  was  decided  that 
subdivision  2  of  the  supplementary  conditions  of  article  14  should  be  added  in  the  following 
terms,  and  in  the  form  of  paragraph  6  of  chapter  6  : 

In  the  case  of  a  consignment  where  no  advice  of  arrival  is  sent  and  which  is  not  delivered  at 
a  givtn  address  by  the  railway ^  the  time  of  delivery  will  be  kept  if  before  this  has  ccvpired  the 
consignment  is  placed  at  the  disposal  of  the  consignee  at  the  receiving  station. 

§  7.  —  In  order  that  there  may  be  no  doubt  as  to  the  form  of  the  ulterior  disjtosal  by  the 
consignor y  as  provided  for  in  article  15,  it  was  decided  that  these  provisions  should  be  subject  to 
the  same  rules  as  specified  in  chapter  2,  paragraphs  2  and  3,  concerning  the  regulations  as  to 
the  form  of  way-bills. 

§  8.  —  On  the  proposal  of  Russia,  hog's  bristles,  horse-hair,  wood,  flax  and  hemp,  manure, 
earth  and  coals  were  added  to  the  list  of  dry  goods  in  which  an  allowance  of  2  per  cent  in  the 
weighty   to  allow  for  variation  on  the  road,  is  made.  j 

§  9.  —  Attention  was  drawn  to  the  fact  in  determining  the  extra  rate  for  the  time  of  delivery 
of  consignment  under  special  declaration,  as  laid  down  in  accordance  with  the  existing  para- 
graph 2  of  chapter  9,  this  includes  in  most  scales  an  amount  which  is  a  little  larger  than  the 
maximum  amount  arrived  at  by  applying  the  provision  in  question.  This  anomaly  ceases  if  the 
supplementary  rate  of  25  centimes  |2*4  deniers)  per  indivisible  fraction  of  10  francs  [S  shillings) 
and  10  kilometres  (6  2  miles]  is  only  considered  as  basis  for  calculation  and  not  as  a  maximum 
amount  which  may  not  be  exceeded.     Paragraph  2  of  chapter  9  was  modified  to  this  effect 

The  discussion  of  proposals  for  modifying  the  existing  provisions  concerning  articles  accepted 
for  carriage  under  special  conditions  took  up  much  of  the  time  of  the  conference.  The  latter 
adopted  most  of  the  conclusions  of  the  commission  appointed  to  examine  these  proposals.  As  for 
the  modifications,  they  had  as  object  to  harmonize  the  provisions  of  appendix  1,  with  the  condi- 
tions of  development  of  industry  and  traffic,  and  to  extend,  to  the  whole  field  to  which  the 
international  convention  applies,  the  facilities  recognized  as  admissible  by  experience  or  which 
at  present  only  applied  to  a  limited  field.  The  chief  basis  of  this  work  was  the  German-Swiss 
convention  of  December  12,  1991. 

The  following  numbers  were  altered,  either  wholly  or  in  part,  in  this  way  : 

VI.  Ordinary  phosphorus  and  red  phosphorus,  calcium  phosphide,  mixture  of  red  phosphorus 
with  rosins  or  fats,  phosphorous  sulphide ; 

VII.  Sodium  sulphide  and  material  which  has  beem  used  for  purifying  coal  gas,  coke  with  scda 
added; 

IX.  Sulphuric  ether  and  solutions  of  nitrocellulose  in  sulphuric  ether  or  other  mixtures; 
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XI.  Pyroxitic  spirit  and  acetone; 

XV.  Liquid  mineral  acids  of  all  kinds,  particularly  sulphuric  acid,  oil  of  vitriol,  hydrochloric 
acid,  nitric  acid,  and  sulphur  chloride ;  * 

XVI.  Caustic  lye,  oil  residues  and  bromine; 

XVII.  Strong  nitric  acid  and  red  fuming  nitric  acid; 

XVIII.  Anhydrous  sulphuric  acid; 

XIX.  Varnish  and  colours  prepared  with  varnish,  ethereal  oils  and  fats,  etc.; 

XX.  Petroleum,  oils  obtained  from  lignite  tar,  oils  obtained  from  coal  tar  and  hydrocarbons; 

XXI.  Petroleum,  oils  obtained  from  lignite  tar,  oils  from  peat  and  shale,  petroleum  naphtha  and 
products  of  its  distillation  ; 

XXII.  Petrol  and  similar  products; 

XXIII.  Oil  of  turpentine  and  other  oils  having  a  bad  smell ; 

XXV.  Arsenical  liquids ; 

XXVI.  Other  poisonous  metallic  products,  copper  sulphate  and  its  mixtures; 

XXXI.  Wool,  hair,  artificial  wool,  cotton,  silk,  flax,  etc. ; 

XXXII.  Amimal  matters  liable  to  putrefaction,  such  as  raw  hides,  fats,  etc. ; 
XL.  Gun  cotton  in  pads  and  gun  cotton  for  collodion ; 

XLI V.  Liquefied  gases ; 

XLVI.  Methyl  chloride  and  ethyl  chloride; 

XLVII.  Phosphorous  chloride,  phosphorous  oxychloride  and  acetyl  chloride; 

L.  Mixtures  of  spirit  of  turpentine,  alcohol  or  other  easily  inflammable  liquids,  with  rosins; 

LI.  Greased  or  oil  paper  and  cases  made  of  such  paper; 

LIII.  Fresh  calves'  rennet; 

The  following  numbers  are  new  : 
XVa.  Sulphuric  acid  residues  obtained  in  manufacturing  nitroglycerine ; 
XV^.  Electric  accumulators  containing  liquid ; 

XXVIa.  Potassium  cyanide  and  sodium  cyanide,  solid  and  in  solution; 
XXIX.  paragraph  4.  (Wood  charcoal  in  lumps,  not  powdered) ; 
XXIXa.  Mineral  black; 
XLIIa.  Percussion  caps  and  fuses ; 
XLIVa.  Liquid  air ; 

XLIV6.  Carbonic  acid  and  acetylene,  in  the  gaseous  form; 
XL  Villa.  Sodium  and  potassium; 
XLIXa.  Sodium  peroxide  and  barium  dioxide; 
XLIX6.  Calcium  carbide ; 
La.  At  aniline  works,  greasy  iron  or  steel  filings  and  turnings  and  residues  obtained  when 

reducing  nitrobenzol  at  aniline  works. 
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A  numbor  of  proposals  were  rejected  by  the  conference,  either  absolutely,  or  becaijise  tlie 
majority  thought  that  the  tinie  for  inserting^  fliem  in  the  international  convention  had  not  yet 
arrived,  or  because  they  were  simply  the  natural  consequences  of  existing  provisions,  and  there- 
fore supertluous.     Of  these  proposals,  we  may  mention  the  following  : 

In  order  to  remove  any  doubt  as  to  what  tariffs  must  or  may  be  specified  in  the  way-bill,  it  was 
proposed  to  give  article  6,  paragraph  1,  clause  e,  the  following  wording  : 

e]  Sp(cificatio/iy  by  consignor ^  of  the  tariffs  which  he  wishes  to  be  applied. 

If  the  consigyior  asks  for  the  ajjplicatum  of  a  special  tariff  in  accordance  with  the  conditions 
specified  utnder  ay^ticles  14  and  35 ,  he  must  expressly  state  this  in  the  way-bill. 

This  proposal  was  rejected,  because  the  form  of  way-bill  in  use  allows  clause  «  to  be  inter- 
preted in  the  sense  proposed,  and  because  in  fact  all  the  contracting  States  acc^ept  this  interpre- 
tation. 

It  had  been  proposed,  article  7,  that  the  fidl  weight  of  load  entered  07i  the  way-bill  should  be 
accepted  as  correct ^  if  when  the  weight  was  chechid  on  the  weighbridge  of  the  line  an  increase  of 
not  more  than  2  per  cent  was  recorded.  This  proposal  was  rejected  owing  to  the  difficulties 
which  would  have  resulted,  in  some  of  the  contracting  States,  if  it  had  been  passed,  and  also 
because  article  7,  paragraph  3,  n^serves  to  each  State  the  right  at  all  times  of  issuing  regulations 
as  to  the  way  the  weight  of  goods  is  to  be  determined  and  checked. 

A  proposal  bearing  on  article  7,  paragraph  2,  was  made  by  Russia,  that  a  request  to  check 
the  contents  of  a  consignment  should  be  sent  to  the  party  concerned  only  in  the  cases  where  such 
a  checking  is  effected  at  the  sending  or  at  the  receiving  station.  The  argument  opposed  to  this 
was  that  it  would  limit  the  rights  which  those  interested  now  have,  and  that  moreover  experience 
having  shown  that  checking  en  route  was  very  exceptional,  the  need  of  any  modification  was  not 
apparent ;  the  proposal  was  rejected  on  these  grounds. 

Another  proposal  made  by  Russia  was  to  add  to  article  8,  paragraph  2,  the  following  clause  : 

If  the  local  conditio7ts  of  the  State  concerned  m,ake  it  impossible  to  cai'^'y  out  these  jrrovisions^ 
the  stamping  of  the  way-bill  is  car7'ied  out  in  accordance  xcith  the  laws  and  regulations  in  force 
on  the  senditig  railway. 

The  reasons  brought  forward  were  that  to  cany  out  the  provisions  of  article  8,  paragraph  2, 
according  to  which  the  stamping  of  the  way-bill  must  take  place  at  once  after  the  whole  con- 
signment has  been  handed  in,  is  against  the  Russian  law,  which  specifies  that  if  the  goods  are 
accepted  for  carriage  and  received  at  the  yard,  the  stamping  takes  place  as  the  goods  arc  sent  off. 
As  against  this,  it  was  urged  that  the  cases  when  goods  cannot  be  sent  off  at  once  and  must  conse- 
quently be  accepted  for  temporary  storage,  are  provided  for  in  article  5,  paragraphs  2  and  3,  of  the 
international  convention;  and  that  article  8  specifies  that  the  stamping  of  the  way-bill  only  takes 
place,  in  the  case  of  such  consignments,  when  they  have  been  received  for  carriage ;  no  alteration 
in  the  convention  is  therefore  necessary  in  order  to  give  effect  to  the  objects  of  the  proposal.  On 
these  representations,  the  proposal  was  withdrawn. 

The  addition  proposed  t^  paragraph  2  of  article  1 1 ,  that  the  cost  of  repair  for  protecting  from 
damage  the  other  goods  as  well  as  the  wagons  should  be  considered  expe7ises  which  the  consignor 
has  to  repay,  was  rejected,  in  as  much  as  the  list  of  charges  which  the  railway  has  the  right  to 
demand  repayment  of  is  by  no  means  limited  to  the  terms  of  article  1 1 ,  paragraph  2 ;  moreover 
article  9,  paragraph  3,  gives  the  railways  the  right  to  indemnification,  by  the  consignor,  for 
damage  resulting  from  non-apparent  defects. 
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As  regards  articles  25  and  44,  it  was  observdj  that  there  is  no  existing  provision  specifying 
this  procedure  when  loss  or  damage  is  discovered  Vhile  the  goods  are  en  route.  It  was  answered 
that  article  25  specifies  that  examinations  should  also  be  made,  the  case  arising,  at  intermediate 
stations.  The  delegates  of  the  State  who  had  made  the  proposal,  withdrew  it  subject  to  the 
insertion  of  this  opinion  in  the  minutes. 

It  was  mentioned,  in  connection  with  article  31,  paragraph  1-3^,  that  in  practice  the  railway 
nearly  always  comes  to  an  agreement,  regarding  the  loading^  with  the  consignor,  and  regarding 
the  unloading,  with  the  consignee,  and  that  therefore  this  procedure  should  be  given  a  legal  basis 
by  adopting  a  corresponding  amendment.  The  commission  thought  that  the  amendment  pro- 
posed had  disadvantages  from  the  legal  point  of  view  and  that  it  did  not  satisfy  any  real  want. 
Any  arrangements  made  between  the  consignee  and  the  railway  are  outside  the  contract  of 
carriage  and  consequently  are  not  within  the  scope  of  the  international  convention;  they  are 
certainly  out  of  place  in  the  way-bill.  The  conference  adopted  the  conclusions  of  the  com- 
mission 

The  proposal  (corresponding  to  one  of  the  regulations  in  force  on  the  German  railways)  to  add 
to  article  31  that  the  absence  of  responsibility  of  the  railway,  specified  in  subdivision  P  of 
paragraph  i,  does  not  apply  to  extraordinary  reductions  in  the  weight  or  to  the  loss  of  entire 
packages,  was  withdrawn,  as  this  addition  appeared  unnecessary;  this  is  more  particularly  sh'^wn 
by  the  French  wording  of  the  subdivision  in  question,  where  only  **  avarie  **  is  in  question. 
The  same  happened  in  the  case  of  the  proposal  to  add  to  article  31  a  new  paragraph  3  to  the 
effect  that  absence  of  responsibility  as  specified  in  article  SI  cannot  be  claimed  if  the  damage  has 
been  caused  by  fault  of  the  railway.  The  prevailing  opinion  was  that  considering  the  wording 
of  paragraph  2  of  article  31,  the  legal  position  of  the  consignors  would  have  suffered  by  the 
proposed  addition.  Moreover,  it  was  expressly  recognized  that  if  the  fault  was  the  railway's,  the 
responsibility  of  the  latter  was  determined  by  article  30. 

As  to  the  proposal  to  add  to  article  43  a  proviso  that  the  railways  are  also  7iot  responsible  for 
the  loss  a  consignor  may  suffer  if  goods  are  accepted  for  carriage  which  are  not  allowed  to  be 
imported  into  or  carried  in  a  given  State,  it  was  pointed  out  that  under  article  2  paragraph  3**  of  the 
international  convention,  the  provisions  of  the  latter  do  not  apply  to  objects  the  carriage  of  which 
is  prohibited,  by  law,  in  the  State  in  question.  The  railway  which  nevertheless  accepts  such  a 
consignment  with  an  international  way-bill,  commits  a  fault  for  the  consequences  of  which  it  is 
responsible.  But  the  regulation  of  the  resulting  questions  must  be  left  to  the  home  legislation 
of  the  State,  and  not  be  submitted  to  the  international  convention.  —  The  proposal  was 
withdrawn. 

The  same  happened  with  a  proposal  to  replace  the  first  paragraph  of  article  44  by  the  following 
provision  :  The  receiving  of  the  goods  forms  a  bar  to  any  claim,  against  the  railway.  When  the 
convention  was  established,  the  point  of  view  was  taken,  with  good  reason,  that  the  receiving  of 
the  goods  and  the  payment  oft  he  charges  must,  in  the  first  place,  have  taken  place  before  any 
claims  against  the  railway  can  become  barred;  and  in  this  case,  it  matters  little  whether  it  is 
the  consignor  or  the  consignee  who  has  paid  the  charges. 

Italy  had  proposed  to  supplement  article  50  by  a  proviso  that  assignment  from  one  railway  to 
another  can  be  by  registered  letter.  It  was  thought  that  this  point  was  not  opportune  and  it  was 
decided  to  remit  it  to  the  central  office  for  consideration. 

As  regards  article  57,  Switzerland  had  proposed  to  insert,  in  the  internatiwuil  conve^ition,  a 
provision  for  extending  the  arbitrationaX  functions  of  the  central  office  to  the  relations  between 
the  raihcays  and  the  public. 
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During  the  conference,  the  proposal  took  more  definite  form  that  the  following  new  sub- 
division 4*»  should  be  added  after  subdivision  S**  of  paragraph  1  of  article  25  : 

4®  To  give  decisionSy  at  the  request  of  the  parties  concerned^  in  litigation  which  may  arise 
between  a  railway  and  another  party  ^  in  so  far  as  the  application  of  one  of  the  promsions  of  the 
international  convention  is  concerned. 

The  Swiss  fedei'al  council  is  authorised  to  fix,  in  the  procedure  to  be  followed  at  the  central 
office,  the  minimum  sum  in  dispute j  with  regard  to  which  the  central  office  can  be  called  upon  to 
arbitrate. 

The  deliberations  of  the  commission  are  summarized  as  follows  in  the  report  : 

**  The  Swiss  delegation  is  of  opinion  that  this  proposal  is  in  the  interests  of  the  public  as  well  as 
of  the  railway,  as  it  gives  the  parties  concerned  the  means  of  arriving  at  a  satisfactory  and  quick 
settlement,  at  a  small  expense  to  them.  The  proposal  by  no  means  encroaches  on  the  sovereign 
rights  of  the  contracting  States,  as  the  central  office  can  only  arbitrate  if  the  two  parties  agree 
on  arbitration ;  moreover,  the  central  office  is  already  entitled,  in  accordance  with  subdivision  3* 
of  paragraph  1  of  article  57,  to  give  decisions,  when  requested  by  the  parties  concerned,  on 
disputes  which  may  arise  between  railways ;  and  this  provision  equally  applies  in  case  of  a  dispute 
between  railways  in  one  and  the  same  country.  Taking  into  consideration  that  it  is  a  question 
of  arbitration  to  which  the  parties  concerned  submit  of  their  own  freewill,  no  special  importance 
can  attach  to  the  fact  that  according  to  the  home  legislation  of  some  States,  the  arbitrational 
decision  of  the  central  office  cannot  be  carried  out  without  other  formalities. 

**  The  commission  does  not  think  that  it  can  support  this  view.  It  expresses  its  opinion  as 
follows  :  Without  considering  the  objections,  from  the  point  of  view  of  sovereign  rights,  against 
making  the  central  office  the  permanent  arbitrator  between  the  public  and  the  railways,  the  need 
of  giving  the  central  office  this  qualification  has  not  made  itself  ielt.  It  cannot  a  priori  be 
admitted  that  the  central  office  will  be  able  to  give  quicker,  or  more  inexpensive,  or  better 
decisions  than  the  regular  tribunals.  The  impossibility  of  at  once  carrying  out  the  decisions  of 
the  central  office  must  also  be  taken  into  consideration,  as  well  as  the  difficulty  resulting  from 
the  fact  that  not  only  the  first  railway  and  the  consignor  or  consignee,  but  also  all  the  subsequent 
railways  take  part  in  the  dispute.  Finally,  uniformity  in  the  law  will  be  endangered  rather 
than  strengthened.  " 

The  conference  rejected  the  proposal,  but  entered  the  following  declaration  in  the  minutes  : 

There  is  no  actual  objection  against  members  of  the  central  office  acting,  in  their  personal 
capacity,  as  arbitrators,  when  requested  to  do  so  by  the  parties  concerned.  The  decisions  must 
not  be  inserted  in  the**  Bulletin  de  V  office  central,  '* 

It  had  been  proposed,  in  connection  with  chapter  2  of  the  regulations,  to  issue  an  instruction 
for  the  method  of  recording  the  statement  relative  to  the  payment  of  carriage  in  the  way-bill,  an 
instruction  drawn  up  as  a  supplementary  condition  by  the  international  transport  committee,  and 
the  commission  was  in  favour  of  this.  But  the  conference,  taking  into  consideration  that  the 
provisions  in  question  are  already  in  force  on  the  railways  which  are  under  the  international 
transport  committee,  acknowledged  the  objections  raised  by  the  Russian  delegates  and  rejected 
the  proposal. 
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The  conference  also  r^ected  the  following  proposals  concerning  chapter  3  of  the  regulations  : 

a)  To  calculate  the  excess  rate,  in  the  cases  enumerated  in  paragraph  1  of  chapter  3,  in  the 
same  way  as  in  the  Italian  tariffs,  that  is  to  say  proportionally  to  the  rate  for  carriage ; 

b)  To  reduce  the  excess  rate,  in  case  of  excess  weight,  to  half  the  amount  fixed  in  paragraph  4 
of  chapter  3. 

The  same  happened  with  the  proposals  concerning  chapter  6  of  the  regulations  : 

a)  To  extend  to  the  return  of  the  repayments,  the  times  specified  in  paragraph  1  for  all  quick 
freight  goods  —  inasmuch  as  the  regulation  period  proposed  would  often  be  longer  than  the  time 
actually  occurring  in  practice,  and  its  acceptance  would  allow  the  present  disadvantages  to 
continue  to  exist ; 

b)  To  compel  the  railways  to  state  in  the  way-bill  the  time  not  included  in  the  time  for  delivery 
because  such  time  is  required  for  carrying  out  the  custom-house,  the  octroi  or  the  administrative 
formalities,  or  is  the  result  of  an  interruption  in  the  traffic  for  which  the  railway  is  not  respon- 
sible —  inasmuch  as  this  proposed  reform  would  meet  with  great  difficulties  in  practice  and 
would  result  in  great  delays  in  the  regular  despatch  of  goods. 

We  consider  it  unnecessary  to  enumerate  sundry  proposals  which  were  withdrawn,  without 
discussion,  by  the  delegates  of  various  States,  as  also  those  which  were  not  discuMsed  because  they 
were  only  brought  forward  during  the  conference,  for  instance  the  proposal  to  settle  at  what 
place  the  next  conference  should  meet. 


The  conference  also  dealt  with  two  proposals  concerning  article  1  of  the  regulatiois  on  the 
central  office,  which  were  made,  the  one  by  Germany,  the  other  by  Switzerland.  They  only 
concerned  the  internal  working  of  the  office  and  ai*e  consequently  of  no  interest  to  the  public. 


The  following  were  not  discussed  : 

1°  A  proposal  from  Russia^  to  insert  in  article  bl  of  the  intei'national  convention  a  new 
paragraph  that  the  central  international  transport  office  should  compile  and  publish  interna- 
tional  railxjoay  statistics; 

2^  A  proposed  international  convention  concemhig  the  transport  of  passengers  and  luggage 
on  railways y  which  had  been  worked  out  by  the  Swiss  Federal  Council. 

As  regards  the  first  proposal,  it  was  objected  that  no  preliminary  work  had  been  done  and  that 
it  was  not  known  how  much  work  it  would  involve  and  what  difficulties  there  would  be  in 
carrying  it  out.  Moreover  the  time  at  which  the  proposal  was  made  to  the  governments  of  the 
contracting  States  hardly  enabled  them  to  arrive  at  any  determination  on  the  subject. 

The  proposed  convention  concerning  the  transport  of  passengers  and  luggage  also  could  not  be 
considered ;  it  was  thought  that  before  discussing  at  the  conference  a  separate  convention  on  the 
transport  of  goods  by  railway,  it  was  in  the  first  place  necessary  to  proceed  to  an  interchange  of 
opinions  between  the  governments  of  the  contracting  States. 
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'6">  SECTION.  —  WORKING. 


[  686  .236.3  ]  QUESTION   X. 


AUTOMATIC    BLOCK-SYSTEM 


o>»?o 


What  are  the  recent  improvements  in  automatic  bhck-signalling  apparatus, 
and  what  progress  has  been  made  in  their  introduction? 


Reporters  : 

America.  —  Mr.  C.  H.  Platt,  general  superinlendenl,  Weslern  District,  New  York,  New 
Haven  &  Hartford  Railroad. 

Other  countries,  —  Mr.  M.  Margot,  ingenieur  adjoint  a  la  direction  de  la  Compagnie  des 
chemins  de  fer  de  Paris  a  Lyon  et  a  la  M^diterranee. 
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Meetingr  held  on  May  9,  1905  (momingr). 


Mr.  H.  Tylston  HODGSON,  president,  in  the  chair. 

The  President.  —  I  now  call  upon  Mr.  Piatt  to  summarize  his  report  on  the 
automatic  block-system. 

Mr.  C.  H.  Piatt,  reporter  for  America.  —  The  subject  of  this  report,  does  not 
suggest  discussion  as  to  the  merits  or  demerits  of  any  principle  in  signalling,  or  as 
to  any  type  of  signals  as  compared  with  any  other.  The  usual  resume  of  varying 
opinions  on  different  questions  included  in  the  general  subject  under  consideration 
cannot,  therefore,  be  presented  by  your  reporter  according  to  the  prevailing  practice 
of  reporters  on  other  questions. 

Our  question  calls  for  statements  of  fact  under  two  heads  : 

i<»  What  are  the  recent  improvements  in  automatic  block  signalling  apparatus? 
and 
2**  What  progress  has  been  made  in  their  introduction? 

Recent  improvements  have  been  considered  to  mean  since  the  date  of  the  report 
to  the  sixth  session  of  the  Congress  held  in  Paris  in  1900. 

The  statements  contained  in  the  first  subdivision  are  based  on  information  fur- 
nished by  signal  companies  making  such  improvements,  the  almost  universal 
practice  in  America  being  that  such  companies  furnish,  and  in  most  cases,  install, 
signalling  apparatus  ready  for  use. 

Many  improvements  or  so  called  improvements  have  been  brought  to  the  atten- 
tion of  your  reporter,  but  only  those  considered  to  have  passed  the  experimental 
stage  are  included  in  the  report  submitted  for  your  information  and  consideration. 

The  second  subdivision  contains  tabulated  statistics  furnished  by  the  several 
railway  companies  giving  the  progress  in  the  introduction  of  automatic  signals,  and 
the  results  obtained  in  their  operation.  Great  care  has  been  taken  in  analyzing  the 
causes  of  failure  as  reported  by  the  several  companies  to  consolidate  them  under  the 
several  heads  adopted  and  found  in  the  tables,  your  reporter  necessarily  assuming 
that  the  records  of  the  number  of  signal  movements  and  the  causes  of  failure  were 
carefully  made  and  accurately  reported  in  each  case. 
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The  introduction  to  report  No.  1  for  America  states  the  action  taken  or  conclu- 
sions arrived  at  by  the  Congress  since  the  subject  was  first  introduced  at  the  session 
in  Brussels  in  1885,  to  and  including  the  Paris  session  in  1900. 

Subdivision  A  contains  descriptions  with  illustrations  of  recent  improvements 
under  the  headings  of  the  various  signal  companies  introducing  them,  and  as  the 
printed  reports  are  before  you  these  need  not  be  even  recapitulated  at  this  time. 

Subdivision  B  contains  the  tabulated  statistics  already  sufficiently  referred  to. 

The  closing  paragraphs  give  the  conclusions  recommended  for  adoption  as 
follows : 

\°  That  automatic  signalling,  properly  designed  and  installed,  be  recognized  as  a  suitable 
means  of  protecting  train  and  switching  movements ; 

2o  That  any  automatic  signal  system,  effectually  providing  that  the  signals  for  any  block  cannot 
indicate  safety  before  the  last  vehicle  of  the  last  train  which  may  have  been  permitted  to  enter 
the  block,  has  cleared  the  same,  be  approved. 

Your  reporter  is  deeply  impressed  with  the  thought  that  these  or  similar  conclu- 
sions should  be  adopted  for  the  reason,  among  others,  that  the  previous  conclusions 
reached  by  the  Congress  have  either  been  unfavorable  or  noncommittal.  It  is  true 
that  the  previous  conclusions  have  resulted  from  want  of  complete  and  practical 
knowledge  of,  and  experience  with,  automatic  signalling  as  developed  to-day.  The 
magnitude  of  such  operations,  and  the  results  now  obtained,  remove  any  doubt  that 
may  have  been  entertained  earlier  in  the  development  of  automatic  signalling,  as  to 
its  efficiency  and  practicability  for  protecting  train  and  switching  movements  under 
conditions  that  prevail  on  a  large  number  of  railway  lines. 

The  question  whether  automatic,  or  some  form  of  manually  controlled  signalling 
should  be  adopted  on  any  particular  line,  or  under  given  conditions  is  not  at  issue. 
This  must  be  left  to  the  management  of  each  and  every  line,  and  decided  for  itself 
according  to  its  conditions  and  requirements. 

On  the  other  hand,  there  is  no  doubt  that  automatic  signalling  has  reached  such  a 
stage  in  its  development  that  it  now  holds  a  very  important  place  in  the  signal  systems 
of  the  world,  being  found  after  years  of  experience,  and  reaching  over  400  millions 
of  movements  per  annum  in  America,  and  rapidly  increasing,  to  be  an  efficient  and 
satisfactory  method  of  protecting  traffic  with  safety  and  economy,  and  should  now 
have  the  favorable  and  unqualified  endorsement  of  this  the  highest  railway  authority 
of  the  world. 

The  supplemental  report  for  America  contains  a  statement  of  the  number  of 
signals  installed  and  under  contract  since  the  close  of  the  first  report  prepared  in 
September,  1903,  as  furnished  by  the  several  signal  companies. 

It  will  be  seen  by  comparing  report  No.  1  with  the  supplemental  report  for 
America  that  great  progress  has  been  made  during  the  last  year  and  a  half  in  the 
number  of  signals,  the  number  of  signal  movements,  and  in  the  reduction  of 
failures,  in  proportion  to  the  movements. 
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Much  is  to  be  done  along  the  latter  line,  and  can  be,  by  greater  care  in  inspection 
and  maintenance.  This  in  turn  means  greater  expenditure  for  more  employees  or 
a  higher  class  of  men  employed,  ft  should  be  borne  in  mind,  however,  that  an 
occasiooal  stop  on  account  of  a  signal  failing  to  clear  when  the  block  is  clear  is  not 
a  serious  matter,  especially  on  lines  of  slow  speed  and  light  traffic,  and  many 
managements  may  conclude  that  it  is  not  advisable  to  make  the  necessary  expen- 
diture to  bring  the  service  up  to  a  higher  standard,  especially  where  no  danger  is 
involved.  These  facts,  however,  apply  to  manually  controlled  as  well  as  to  auto- 
matic signalling. 

The  automatic  apparatus  of  to-day  makes  it  easily  possible  to  maintain  a  prac- 
tically perfect  service,  only  subject  to  such  derangements  as  apply  to  all  kinds  of 
signalling  known. 

For  the  year  ending  September  1,  1903,  there  were  166,076,113  signal  movements 
reported  as  compared  with  405,527,231  movements  for  the  year  ending  Decem- 
ber 3i,  1905,  while  the  number  of  failures  (signals  not  clear  when  block  was  clear) 
were  14,435  and  19,062  respectively.  False  clear  indications  268  for  the  former 
and  186  for  the  latter  year. 

The  number  of  signal  movements  increased  144  per  cent. 

The  number  of  failures  (block  clear  signal  not  clear)  increased  32  per  cent. 

The  number  of  failures,  false  clear  indications,  decreased  30  per  cent. 

The  average  number  of  signal  movements  per  failure,  block  clear  signal  not  clear, 
all  causes,  increased  105  percent. 

Taking  the  failures  not  clearly  traceable  to  causes  outside  the  signal  apparatus, 
as  reported,  we  have  195,872  movements  per  failure,  block  clear  signals  not  clear, 
and  13,097,343  movements  per  false  clear  indication,  a  record  that  will  compare 
favorably  with  any  system  of  signalling  anywhere  in  use. 

These. results  have  been  obtained  from  all  automatic  signals  in  operation  during 
the  year  specified,  many  of  the  signals  in  use  being  of  older  types  which  are  far 
short  of  the  present  standards,  some  of  them  being  of  the  original  type  in  use  for 
about  thirty  years. 

The  supplemental  report,  now  before  you,  calls  special  attention  to  two  new 
devices;  one  of  them  the  Kinsman  automatic  train  stopping  device,  is  shown,  and 
demonstrated  by  a  full  working  model,  at  the  railway  appliance  exhibition  of  Wash- 
ington, and  need  not  be  further  referred  to  here.  The  other,  the  Harrington 
automatic  signal  system  may  be  briefly  described  as  follows.  The  apparatus 
includes  :  1°  the  use  of  an  hydraulic  accumulator  ;  2°  a  pump,  worked  by  an  electric 
or  other  motor,  for  charging  the  accumulator;  3*^  a  new  arrangement  of  circuits  for 
controlling  the  signals  on  electric  railways  where  the  rails  are  employed  for  the 
return  of  the  current;  4°  a  combination  of  parts  so  that  the  arm  of  the  semaphore 
occupies  an  intermediate  position  between  "  danger  "  and  "  line  clear,  "  if  for  any 
reason  the  signals  or  their  appliances  are  not  working ;  5°  an  illuminated  semaphore 
arm  which  gives  a  night  position  signal. 
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The  pump  which  is  worked  either  by  the  direct  mechanical  power  derived  from 
the  wheels  of  passing  trains,  or,  as  in  the  test  installation  by  an  electric  motor 
deriving  current  from  the  third  rail,  or  from  the  feeder,  of  an  electric  railway, 
provides  the  accumulator  with  a  charge  sufficient  for  50  or  any  predetermined 
number  of  signal  movements.  When  the  charge  limit  is  reached,  the  pump  stops 
working  automatically.  The  transmission  agent  which  works  the  semaphore  arms 
is  non-congealable  fluid  in  the  accumulator  applied  by  pressure.  When  the  accu- 
mulator has  moved  the  semaphore  45  times,  for  instance,  the  pump  automatically 
begins  lo  work  again  and  recharges  the  accumulator  to  its  full  capacity,  as  mentioned 
above.  If,  for  any  reason,  the  charge  of  the  accumulator  falls  to  zero,  the  signal 
necessarily  and  automatically  assumes  the  intermediate  position.  Thus  trains  are 
never  obliged  to  run  through  a  signal  standing  at  danger.  Nor  need  they  stop  at  a 
signal  which  is  not  working,  because  the  position  of  the  semaphore  arm  tells  a 
driver  that  the  signal  is  out  of  order  and  moreover  acts  as  a  warning  to  him  to  run 
cautiously,  under  the  rules. 

As  you  will  gather,  great  advances  have  been  made  since  the  meeting  of  the 
Congress  in  1900. 

Automatic  signalling  systems  have  been  introduced  on  a  large  scale  in  America. 
Automatic  signals  are  greatly  preferred  by  those  who  have  tested  them;  they  have 
been  adopted  even  on  lines  where  traffic  is  heaviest  and  everywhere  they  provide  the 
utmost  security.  They  can  therefore  be  recommended  not  only  from  the  standpoint 
of  satisfactory  operation,  but  also  from  of  that  the  cost  of  installation.  (Applause.) 

The  President.  —  I  shall  now  ask  Mr  Margot,  who  is  the  assistant  traffic  superin- 
tendent of  the  Paris  Lyons  and  Mediterranean  Railways,  to  give  a  summary  of  his 
paper. 

Mr.  Margot,  reporter  for  all  countries  except  America.  (In  French.)  —  Gentlemen, 
you  have  just  listened  to  some  most  interesting  remarks  upon  the  improvements 
introduced  in  the  United  States,  of  recent  years,  in  the  apparatus  of  automatic 
signalling  and  upon  the  growth  of  this  method  from  day  to  day. 

The  same  is  not  true  of  the  other  countries  to  which  my  report  applies,  but  I  now 
have  the  honour  to  submit  a  summary  of  my  report. 

The  question  of  automatic  signalling  upon  which  it  was  my  business  to  report  for 
countries  other  than  America,  runs  as  follow^  in  the  agenda  of  this  meeting  : 

What  are  the  recent  improvements  in  automatic  block'Signalling  apparatus,  and 
what  progress  has  been  made  in  their  introduction? 

When  the  question  of  automatic  block-signalling  was  discussed  at  the  meeting  of 
the  Congress  in  1900,  the  Paris-Lyons-Mediterranean  had  only  just  completed  putting 
in  a  Hall  block  plant  on  its  Laroche  and  Cravant  line  (38  kilometres  [23  6  miles]). 
At  the  same  time,  about  1900,  the  Southern  of  Austria  was  experimenting,  on  a  short 
section,  with  an  automatic  system  brought  out  by  a  Budapest  Electrical  Company. 
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Since  then,  the  French  Midi  Company  has  introduced  the  Hail  system  on  its  line 
between  Bordeaux  and  Langon  (42  kilometres  [26  miles]).  Two  installations,  also 
of  the  Hall  pattern,  were  fitted  up  more  recently  in  England  for  short  distances  by 
the  London  and  South  Western  and  the  North  Eastern  companies. 

The  whole  experience  applies  to  only  five  installations  with  a  total  length  of 

119  kilometres  (74  miles),  which  means  about  ^/looo^*^^  of  the  mileage  operated  on 
the  block-system  in  all  countries  other  than  America.  This  is  a  contemptible  figure 
when  compared  with  the  example  afforded  us  by  the  United  States,  for  at  the  present 
time  America  has  thousands  of  kilometres  operated  by  automatic  signalling. 

Why  do  not  other  countries  follow  this  lead?  The  question  naturally  occurred  to 
me,  and  this  is  what  induced  me  to  enter  upon  an  investigation  to  compare  automatic 
with  non-automatic  signalling,  having  regard  to  the  conditions  of  operation. 

But  before  broaching  this  subject,  kindly  allow  me  to  summarize  briefly  the 
results  of  the  trials  of  automatic  signalling  on  the  Paris-Lyons-Mediterranean  and 
the  Midi  railways  with  which  trials  the  first  part  of  my  report  is  taken  up. 

The  automatic  block  employed  on  the  Laroche  and  Cravant  line  (38  kilometres 
[23-6  miles])  and  on  the  Bordeaux  and  Langon  line  (42  kilometres  [26  miles])  is  the 
Hall  system.  Its  principles  are  well  known;  it  is  used  on  both  lines,  the  track 
being  normally  closed. 

The  Paris-Lyons-Mediterranean  has  applied  the  Hall  system  to  its  ordinary  signals 
by  means  of  dynamos  worked  by  batteries,  while  the  Midi  railway  has  adopted  out 
and  out  the  American  signals  of  the  Banjo  type. 

On  the  Midi,  experience  has  proved  that  in  practice  the  drivers  soon  and  easily 
accommodate  themselves  to  the  special  conditions  of  visibility,  though  they  are  very 
different  from  those  of  the  target  or  semaphore  signals  to  which  they  are  accustomed. 

But  there  is  still  a  dubious  point,  namely,  how  well  the  signals  show  up  in  time  of 
snow  or  hoar-frost,  when  the  central  opening  of  the  Banjo  signal  may  be  covered 
with  an  opaque  layer.  If  this  has  not  happened  on  the  Midi  of  France,  it  must  none 
the  less  be  seriously  considered  by  railways  less  favourably  situated  from  a  climatic 
standpoint,  and  it  would  be  interesting  to  hear  what  information  American  engineers 
can  give  us  on  this  subject. 

As  regards  the  electrical  equipment  of  the  track,  the  Paris-Lyons- Mediterranean 
has  retained  its  ordinary  angle  fish-plates,  insulating  them  with  pieces  of  fibrous 
material.  The  Midi  has  used  wooden  fish-plates.  The  latter  have  lasted  very  well 
according  to  the  experience  of  two  years  on  a  line  where  speeds  reach  as  high  as 

120  kilometres  (74*5  miles)  an  hour. 

The  electrical  equipment  of  the  track  is  no  trouble  except  in  replacing  rails,  and 
then  only  when  they  are  being  renewed  on  a  large  scale. 

1  now  come  to  an  important  subject,  namely  derangements  in  the  working  of  the 
apparatus. 

Apart  from  the  theoretic  safety  required  of  the  block-system,  there  is  the  practical 
safety  which  depends  on  the  regular  working  of  the  apparatus.    Any  derangement 
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stops  the  trains  and  causes  delays  which  react  upon  the  traffic,  so  much  so  that  it  is 
of  the  greatest  importance  that  it  should  be  quickly  noticed  and  put  right.  Seeing 
that  in  the  automatic  block,  it  is  no  longer  the  signalman  who  instantly  notices  a 
derangement  and  can  set  to  work  to  see  that  it  is  put  right,  there  can  be  no  doubt 
that  derangements  of  the  automatic  block  may  have  a  more  marked  effect  upon  busy 
traffic  than  those  of  the  noa-automatic  block ;  and  consequently  we  are  justified  in 
expecting  from  automatic  signalling  a  higher  degree  of  perfection  in  the  working  of 
the  apparatus. 

Now,  from  the  standpoint  of  working,  the  results  afforded  by  the  Paris-Fjyons- 
Mediterranean  and  Midi  installations  are  not  yet,  it  would  appear,  sufficiently  satis- 
factory. There  has  been  some  ineviiable  groping  about  in  the  dark  which  must  be 
neglected,  but  it  is  certain  that  at  present  the  number  of  failures  with  the  automatic 
signalling  is  as  low  as  with  the  various  systems  of  non-automdlic  signalling  in  use 
upon  the  French  railways. 

As  regards  the  cost  of  the  automatic  block,  the  two  isolated  instances  ol  t.ie 
Paris- Lyons-Mediterranean  and  the  Midi  do  not  justify  figures  being  quoted.  We 
can  derive  no  more  than  an  impression  therefrom,  and  this  is  that  the  Hall  system 
appears  higher  in  first  cost  than  the  non-automatic  block,  owing  to  the  expenditure 
on  electric  circuits,  the  electrical  equipment  of  the  track,  etc.  As  regards  working 
expenses,  the  Hall  block  unquestionably  costs  more  for  supervision  and  maintenance 
of  the  electrical  fittings. 

So  then,  the  automatic  block  involves  increased  capital  charges,  higher  first  cost 
and  greater  expenditure  on  maintenance  and  supervision. 

On  the  other  hand,  signalmen  can  be  obviated.  Now,  if  one  can  save  altogether 
at  a  cabin  the  wages  of  the  staff  requisite  for  carrying  on  the  service  by  day  and  by 
night,  the  gain  will  balance  —  and  more  than  balance  —  the  extra  establishment 
and  operating  expenses.  In  such  a  case,  there  can  be  no  question  as  to  the  advan- 
tage of  automatic  signalling. 

But  in  many  cases,  no  saving  in  men  can  be  expected  when  the  signalling  is 
entrusted  to  the  switchman  at  a  point  always  watched,  or  to  a  gatekeeper,  in  fact 
whenever  a  man  has  to  be  on  duty  for  other  reasons.  This  is  so  true,  that  taking 
everything  into  consideration  the  monetary  question  resolves  itself  into  the  probable 
saving  of  wages  that  will  result  from  giving  up  watchmen,  and  this  depends  upon 
the  special  features  of  the  line  and  the  organization  of  the  service  required  of  it. 

Here  my  report  would  have  ended  if  1  had  strictly  adhered  to  the  programme  laid 
down  by  the  actual  wording  of  the  question.  1  thought  my  mission  ought  to  go  a 
step  further.  As  I  staled  at  the  commencement,  it  happens  that  in  Europe  auto- 
matic signalling  has  not  got  beyond  the  experimental  stage,  its  applications  being 
very  few,  while  the  American  lines  have  gone  deeply  into  automatic  systems. 
I  thought  it  of  interest  to  determine  the  reason.  This  led  me  to  take  up  the  ques- 
tion thoroughly  and  to  consider  the  conditions  of  its  operation,  as  compared  with 
non-automatic  signalling. 
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For  us  in  Europe  who  use  the  non-automatic  block,  and  know  by  long  practice 
the  amount  of  safety  afforded  thereby,  this  comparison  appeared  to  me  likely  to  be 
of  high  interest.     The  following  are  the  conclusions  to  which  I  was  led  : 

The  automatic  block  seems  unquestionably  a  theoretically  perfect  solution  when 
it  uses  the  track  circuit.  This  method,  in  fact,  satisfies  most  completely  the  condi- 
tion that  there  should  be  proper  intervals  between  trains  following  one  another  on 
the  same  line ;  it  settles  in  a  very  simple  way  the  individual  instances  of  side-track- 
ing and  of  couplings  breaking.  If  a  train  breaks  apart  inside  a  section,  the  signals 
remain  at  danger  as  long  as  there  is  a  pair  of  wheels  in  that  section;  besides,  a 
break-away  running  backwards  protects  itself  by  the  action  of  the  track  circuit  of 
the  section  engaged,  by  putting  or  keeping  at  danger  the  signals  in  front  of  a  train 
advancing  towards  it.  Lastly,  the  track  circuit  renders  it  possible  for  the  block- 
section  to  exercise  continuous  control  over  the  condition  of  the  track,  from  the 
standpoint  of  fractures  or  removals  of  rails.  These  are  all  advantages  inherent  in 
the  track  circuit,  and  —  be  it  said  in  passing  —  any  block-system,  even  if  non-auto- 
matic, which  used  this  circuit  would  possess  them  too. 

Nothing  more  perfect  as  a  block-system  can  exist.  Automaticity  does  away  with 
human  fallibility;  there  is  no  longer  any  fear  of  the  grave  mistake  on  the  part  of  a 
signalman  in  letting  a  train  enter  a  section,  going  to  sleep,  waking  a  few  minutes 
later  and  giving  line  clear  to  the  preceding  box,  whereas  in  reality  the  train  has  not 
yet  passed  his  box.  Automatic  signalling  extirpates  such  mistakes,  and  the  absence 
of  the  signalman  is  no  disadvantage  provided  everything  goes  on  normally  in  the 
block. 

But  we  have  to  allow,  in  the  first  place,  for  the  liability  of  apparatus  to  fail  in 
practice  and,  in  this  respect,  the  automatic  systems  tried  in  France  have  not  yet 
reached,  in  accordance  with  what  I  have  told  you  previously,  that  pitch  of  perfection 
which  must  be  demanded  of  automatic,  still  more  than  of  non-automatic,  systems. 
Secondly,  untoward  incidents  are  bound  to  occur  in  running  trains. 

Now  as  soon  as  such  an  incident  occurs,  either  in  connection  with  the  working 
of  the  apparatus  or  in  the  running  of  the  trains,  the  signalman,  by  his  mere  pre- 
sence, affords  an  additional  guarantee  through  the  control  he  exercises  over  the 
train  staff. 

Furthermore,  the  signalman  can  in  certain  cases  assist  very  materially  in  reducing 
to  a  minimum  the  trouble  which  results  from  a  failure  or  a  breakdown. 

Lastly,  apart  from  the  actual  signalling,  the  signalmen  have  the  additional  duties 
of  watching  passing  trains  and  several  railways  can  vouch  for  numerous  instances  in 
which  their  vigilance  has  proved  valuable. 

Thus  the  presence  of  signalmen  distributed  along  a  line  with  non-automaiic 
signals  affords,  under  conditions  where  the  safety  of  the  traffic  may  become  involved, 
extra  guarantees  of  the  highest  importance,  especially  on  a  trunk  line. 

The  essence  of  automatic  signalling  is  to  do  away  with  a  man  to  watch  the  block. 
But  there  must  be  employees  to  give  notice  of  trains  to  the  cabins  of  junction  sta- 
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tions  and  these  will  have  to  start  the  trains  properly.  Moreover,  at  service  stations 
there  must  be  a  man  to  look  after  the  running  of  the  trains.  Automatic  signalling 
is  not,  indeed,  left  to  its  own  devices  except  at  open  stations  or  at  intermediate 
points,  so  that  it  does  not  always  imply  the  saving  in  watchmen  which  is  its  essen- 
tial feature.     The  question  is  one  of  local  conditions. 

On  this  point,  I  may  with  advantage  quote  the  reply  1  received  from  the  Belgian 
State  Railways,  for  it  summarizes  all  the  others  on  the  subject  of  automatic 
signalling. 

The  Belgian  State  Railway  has  Siemens  block  on  1,633  kilometres  (1,015  miles).  It  has  sub- 
jected the  Hall  system  to  careful  examination  on  the  Ghent-Wondelgem  line  (5  kilometres 
[3*1  miles]),  where  Hall  apparatus  had  been  put  in  before  the  line  belonged  to  the  State  Railway 
system.  The  apparatus  was  removed  because  the  route  of  the  line  was  altered.  There  had 
been  an  idea  of  equipping  another  line,  but  this  was  given  up  owing  to  the  following  reasons  : 

In  the  first  place,  no  economy  of  staff  can  be  expected  to  result  from  the  automatic  system, 
when  there  are,  as  in  Belgium,  many  signal  stations,  junctions  and  level  crossings  in  connection 
with  the  block-system. 

Then  as  regards  the  safety  itself  although  there  are  good  automatic  apparatus  which,  when 
they  work  well,  aiford  the  same  guarantees  as  the  apparatus  at  present  used,  the  inevitable 
failures  must  be  taken  into  consideration,  and  then  it  is  an  advantage  that  the  intelligence  of  a 
signalman  can  at  once  act  as  substitute  for  the  appliance  which  has  gone  wrong.  Moreover,  the 
signalman  exercises  a  useful  control  over  the  men  in  charge  of  the  train. 

There  is  another  point.  European  railways  can  easily  procure  labour.  It  is 
comparatively  cheap,  can  be  got  anywhere  and  is  safe. 

Hence  naturally  on  lines  already  provided  with  a  non-automatic  system  working 
well  and  giving  complete  satisfaction,  there  is  no  object  in  exchanging  it  at  great 
expenditure  for  an  automatic  system.  Especially  on  a  main  trunk  line  must  we 
hesitate  to  lose  the  garantees  afforded  by  watchmen,  whereas  on  lines  not  yet 
equipped  with  a  block-system,  automatic  signalling  may  be  an  advantageous  method 
of  operation  to  introduce. 

Under  the  circumstances  involved  in  my  report  I  have  the  honour  of  submitting 
to  the  Congress  the  following  conclusions  : 

1*»  The  automatic  block-system,  using  a  track  circuit  which  substitutes  the  intervention  of  the 
train  for  human  agency,  satisfies  most  completely  the  conditions  of  working,  from  the  technical 
point  of  view. 

2**  The  automatic  block  has  not  yet  attained  any  development  outside  the  United  States  of 
America.  Nevertheless  some  applications  made  on  main  lines  are,  at  the  present  time,  beyond 
the  experimental  stage.  It  has  been  observed,  more  particularly,  that  the  track  circuit  is 
compatible  with  high  speeds,  without  entailing  appreciable  difficulty  in  the  maintenance  of  the 
track. 

3°  Practical  experience  in  non-automatic  block  working  has  shown  how  desirable  it  is  to  have 
employees  at  intervals  along  the  line,  both  on  account  of  possible  breakdowns  in  circulation  of 
the  traffic,  of  failures  in  the  working  of  the  signals  and  apparatus,  and  also  in  order  to  watch 
the  trains;  particularly  is  this  important  in  the  case  of  a  trunk  line.     This  consideration,  when 
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applied  to  the  automatic  block,  may,  under  different  conditions,  much  affect  the  theoretical 
saving  to  be  effected  in  the  staff. 

4°  Regarding  the  working  of  the  automatic  block  : 

On  lines  already  equipped  with  the  non-automatic  block,  there  is  generally  no  advantage  in 
incurring  the  expense  of  the  change,  at  any  rate  under  those  conditions  which  apply  to  the 
working  of  lines  outside  the  United  States  of  America. 

In  the  case  of  lines  not  yet  equipped  with  a  block-system,  it  may  be  found  that  the  automatic 
block  can  be  adopted  with  advantage,  according  to  the  particular  conditions,  the  service  to  be 
organised  and  the  economy  of  staff  to  be  effected  as  compared  with  the  non-automatic  block. 
(Applatise,) 

The  President.  —  Now,  Gentlemen,  these  two  papers  have  been  read,  and  I  would 
ask  you  to  start  in  with  a  discussion  on  the  subject. 

Mr.  Eiche,  French  Eastern  Railways.  (In  French.)  —  Kindly  allow  me  to  read  a 
few  remarks  arranged  by  Mr.  Pieron,  traffic  superintendent  of  the  French  Northern 
Railway,  who  is  detained  in  another  section  : 

"  Among  the  conclusions  at  the  end  of  the  report  submitted  by  my  friend  and 
colleague  Mr.  Margot,  after  Mr.  Piatt's  report,  there  is  one  or  even  two  that  I  desire  to 
support  strongly  in  your  presence,  by  dilating  upon  them  from  the  standpoint  that 
concerns  myself. 

"  They  are  worded  as  follows  : 

**  Practical  experience  in  non-automatic  block  working  has  shown  how  desirable  it  is  to 
have  employees  at  intervals  along  the  line,  both  on  account  of  possible  breakdowns  in  circulation 
of  the  traffic,  of  failures  in  the  working  of  the  signals  and  apparatus,  and  also  in  order  to  watch 
the  trains;  particularly  is  this  important  in  the  case  of  a  trunk  line.  This  consideration,  when 
applied  to  the  automatic  block,  may,  under  different  conditions,  much  affect  the  theoretical  saving 
to  be  effected  in  the  staff. 

**  Regarding  the  working  of  the  automatic  block  : 

**  On  lines  a  Iready  equippedwith  the  non-automatic  block  there  is  generally  no  advantage  in 
incurring  the  expense  of  the  change,  at  any  rate  under  those  conditions  which  apply  to  the 
working  of  lines  outside  the  United  States  of  America  ". 

"  The  French  Northern  Railway  which  I  have  the  honour  to  represent  at  this 
Congress,  works  a  line  carrying  a  very  heavy  traffic,  and  thirty  years  ago  it  equipped 
its  lines  with  a  non-automatic  block-system,  but  its  successive  sections  are  rendered 
dependent  upon  each  other  through  interlocking  arrangements.  The  company  has 
about  3,800  kilometres  (2,360  miles)  of  line,  about  2,000  (1,240  miles)  of  which  are 
double  and  the  rest  single  track ;  the  block-system  is  at  work  on  all  the  double  lines 
and  on  about  one  third  of  the  single  lines.  On  the  latter,  more  especially,  the 
cabins  are  situated,  with  hardly  a  single  exception,  jointly  with  the  stations  and  do 
not  require  any  separate  statf. 

•*  When  this  plant,  upon  which  so  far  the  expenditure  has  amounted  to  over 
10  million  francs  (£400,000),  was  installed,  various  imperfections  in  the  appliances 
were  discovered,  and  the  staff  whose  business  it  was  to  maintain  them  and  the  men 
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who  had  to  work  them  had  to  be  educated.  This  education  of  the  staff  is  now 
thorough,  and  the  service  now  satisfies  us  completely  both  as  regards  its  regularity 
and  as  regards  its  safety. 

"  If  it  were  now  necessary  to  alter  what  exists,  in  the  midst  of  the  extremely 
heavy  traffic  with  which  we  have  to  cope,  not  only  do  we  believe  that  we  should  be 
incurring  an  absolutely  useless  and  thoroughly  unjustifiable  expenditure,  but 
in  addition  we  should  find  ourselves  face  to  face  with  a  responsibility  that  we  could 
not  undertake.  I  repeat  that,  with  our  heavy  traffic,  to  recommence  all  the  education 
of  our  staff  to  the  use  of  new  appliances,  would  involve  during  the  necessarily  long 
transitional  period  that  must  be  gone  through,  an  absence  of  security  that  we  would 
by  no  means  dare  to  face  and  that  would  finally  not  result  in  any  improvement. 

"  To  sum  up,  I  do  not  hesitate  to  assert  that,  not  only  on  the  lines  of  the 
Northern  of  France  which  are  already  all  equipped  with  the  non-automatic  block, 
is  there  nothing  to  gain  by  incurring  the  expense  of  transformation,  but  further 
that,  under  the  circumstances  in  which  we  are  situated,  this  expenditure  which 
would  be  very  heavy  and  would  not  be  justified  by  any  compensating  factor,  would 
place  us,  as  regards  security,  face  to  face  with  a  responsibility,  which  in  my  opinion, 
constitutes  an  obstacle  of  quite  prime  importance  ". 

These  remarks  are  made  on  behalf  of  the  Northern  of  France  railway,  and  I  should 
like  to  add  a  few  in  the  name  of  the  Eastern  Company  of  which  I  am  a  director. 

The  subject  assumes  a  slightly  different  aspect  for  the  Eastern  Company  and  this 
is  true  for  each  company.  It  might  be  summed  up  as  follows  :  what  ratio  is  there 
between  human  fallibility  and  the  material  fallibility  of  the  appliances? 

When  traffic  becomes  dense  and  signal  movements  become  more  frequent,  the 
value  of  mechanical  appliances  still  remains  practically  the  same.  This  is  not 
always  the  case  wiih  human  vigilance  which  may  give  out  at  any  moment. 

Comparisons  must  therefore  be  instituted,  not  only  between  the  mechanical 
appliances  themselves,  but  also  between  these  latter  and  the  machinery  set  in  action 
by  human  agency.  At  the  present  time,  we  are  perfectly  satisfied  with  the  non- 
automalic  block-system  installed  on  our  lines,  because  we  possess  a  good  staff 
always  on  the  look-out  and  capable  of  being  recruited  fairly  easily.  But  in  looking 
forward  to  the  future,  we  realize  that  we  may  later  on  find  ourselves  obliged  to 
increase  the  movements  of  our  signals  indefinitely,  and  that  we  may  find  it  so 
impossible  to  gel  together  an  efficient  staff  that  we  shall  be  bound,  to  a  greater  or 
less  extent,  to  introduce  automatic  signalling. 

I  therefore  support  the  very  broad  conclusions  suggested  by  Mr.  Margot  when  they 
assert  that  though  the  automatic  block-system  possesses  advantages,  the  non-auto- 
matic likewise  possess  some.     These  conclusions  leave  everybody  full  scope. 

1  should  like  taask  the  delegates  from  the  United  States  what  is  the  exact  result 
of  the  comparison  drawn  between  the  automatic  and  the  non-automatic  apparatus. 

We  are  told  that  there  are  still  in  the  United  States  some  lines  not  equipped  with 
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the  automatic  block  system.     I  should  like  to  hear  whether  there  are  still  many  such 
and,  if  so  whether  they  are  going  to  remain  so. 

Mr.  Th.  Voorhees,  Philadelphia  &  Reading  Railway.  —  Mr.  President  and 
gentlemen,  it  was  my  good  fortune  some  fifteen  years  ago  to  be  called  upon  to 
instal  the  block  system  of  signals  on  the  Hudson  River  Division  for  the  New 
York  Central  &  Hudson  River  Railroad,  and  we  constructed  102  cabins  in  a  distance 
of  142  miles,  from  New  York  to  Albany.  They  were  all  constructed  on  the  Saxby- 
Farmer  plan,  copied  directly  from  the  English  practice,  and  were  built  by  the 
Union  Switch  &  Signal  Company  and  by  the  Johnson  Signal  Company,  both 
copying  from  the  English  methods,  entirely  a  manually  controlled  block  system 
intended  to  be  used  as  an  absolute  block.  We  found  in  practice,  the  traffic  being 
dense,  that  it  soon  became  necessary  to  use  the  block  permissively.  We  held 
our  trains  for  one  minute  and  then  allowed  them  to  proceed  under  control, 
knowing  that  the  block  was  occupieil.  The  Hall  system  had  been  known  at  that 
time  and  had  been  experimented  with,  but  not  sufficiently  lo  justify  the  management 
of  that  road  then  to  adopt  it.  A  few  years  later,  I  went  into  the  service  of  the 
Philadelphia  &  Reading  Railway  Company,  and  about  ten  years  ago,  it  became 
necessary  to  introduce  an  improved  system  of  block  signalling  there,  and  we 
adopted  the  enclosed  disc,  the  Hall  system.  We  found  that  that  worked  with  very 
great  success.  We  had  at  first,  as  the  reporter  indicates,  a  few  cases  of  false  indic- 
ation, the  banners  being  clear  with  the  block  occupied.  That  was  due  to  the 
lightning  fusing  the  points  of  the  relay.  As  soon  as  that  was  discovered  and  the 
cause  of  it  pointed  out,  it  was  corrected  by  the  makers  of  the  apparatus,  and  I  think 
I  may  say  with  safety  that  for  a  number. of  years  past  we  have  had  no  such  accident 
or  failure.  We  also  found  in  the  beginning,  in  cases  of  severe  storm,  failure  of 
wires  and  battery  wells.  The  first  battery  wells  were  installed  by  the  manufacturers 
in  a  somewhat  cheap  fashion.  In  all  the  installations  we  have  made  of  recent  years 
we  have  put  our  own  battery  wells,  entirely  aside  from  the  contractors,  and  we 
make  them  of  concrete,  a  solid,  substantial  structure,  that  is  frost-proof,  and  our 
success  has  been  so  great  that  in  the  month  of  January,  1904,  which  was  an  excep- 
tionally stormy  bad  month  for  railways  in  our  Eastern  country,  we  only  had  four 
failures  of  signals  on  our  entire  line. 

I  did  not  come  prepared  to  talk,  and  so  cannot  give  you  accurate  statistics,  but  we 
have  about  1,400  miles  of  road.  We  have  a  very  heavy  traffic  over  our  main  lines, 
and  we  have  perhaps  between  four  and  i\\e  hundred  miles  protected  by  the  Hall 
system.  On  our  branch  lines  where  the  traffic  is  less  dense,  we  are  using  the 
ordinary  manual  block  which  is  a  temporary  substitute,  the  intention  being  to 
gradually  extend  the  automatic  system  of  signalling  throughout  our  entire  system. 
1  would  say  that  we  have  no  difficulty  with  regard  to  snow  or  ice,  because  we 
invariably  accompany  the  danger  signal  with  a  distant  caution  signal,  so  that  it 
really  becomes  unnecessary  for  the  engineer  to  see  a  signal  until  he  reaches  it, 
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and  in  the  most  stormy  weather,  and  with  wet  snow  on  the  glass,  if  a  man  uses 
ordinary  care  as  he  approaches  the  distant  signal,  he  gets  the  indication  and  he 
knows  that  the  home  signal  demands  his  attention ;  and  we  put  the  distant  signals 
in  all  cases  a  sufficient  distance  back  to  give  the  engineer  ample  time  to  stop  his 
train. 

The  President.  —  Just  to  clear  up  one  or  two  points  in  what  Mr.  Voorhees  has 
said ;  fifteen  years  ago,  I  think  you  said,  you  started  the  Saxby-Farmer  on  the  New 
York  Central? 

Mr.  Th.  Voorhees.  —  Yes,  a  system  of  that  nature,  copied  from  that,  I  believe 
it  was. 

The  President.  —  Then  it  was  ten  years  after  that  that  on  the  Philadelphia 
&  Reading  the  Hall  system  was  started? 

Mr.  Th.  Voorhees.  —  About  ten  years  ago;  about  five  years  after. 

The  President.  —  Ten  years  ago  that  you  started  the  automatic  Hall  system  on  the 
Philadelphia  &  Reading  ? 

Mr.  Th.  Voorhees.  —  Yes,  Sir. 

The  President.  —  Thank  you. 

Sir  Charles  J.  Owens,  London  &  South  Western  Railway.  —  Mr.  Chairman  and 
Gentlemen,  a  point  has  not  been  touched  upon  in  our  discussion  at  present  which  it 
has  appeared  to  the  London  &  South  Western  Railway  would  be  an  absolute  condi- 
tion precedent  to  the  adoption  of  automatic  signals,  and  that  condition  precedent 
has  been  the  adoption  of  power  signalling  at  the  stations.  We  have  found  by  the 
introduction  of  pneumatic  and  electric  power  at  certain  stations,  that  the  number 
of  signal  boxes  has  been  considerably  reduced  and  the  manual  labor  of  the 
signalmen  in  moving  the  switches  has  been  enormously  revised,  so  that  there  has 
been  effected  a  very  great  saving,  but  it  has  appeared  to  us  at  once  that,  having 
an  installation  of  power  at  the  station,  it  was  a  natural  and  a  proper  thing  from 
such  points  to  extend  the  automatic  signalling,  so  that  from  a  central  station 
where  we  have  a  large  business  and  where  we  installed  the  power  signal  at  the 
station,  the  same  power  could  very  easily  control  a  distance  of  six  miles  in  either 
direction,  thus  giving  us  twelve  miles  controlled  by  one  power  house,  and  for  such 
twelve  miles  we  could  have  automatic  signalling  carried  on  with  practically  no 
additional  expense  at  all  for  signalling. 

So  far  as  our  feeling  goes,  it  is  that  the  field  for  automatic  signalling  is  a  distinctly 
limited  one.  We  have  in  operation  over  our  lines  the  absolute  block  system,  and 
that  we  find  quite  sufficient  where  the  traffic  is  of  a  light  description;  but  where 
the  traffic  is  of  a  heavy  description  and  it  is  desirable  to  increase  the  number  of 
sections  by  decreasing  their  length,  there  we  have  found  and  do  find  thai  the 
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installation  of  the  automatic  signal  has  been  of  very  great  benefit  to  us,  indeed. 
It  may  be  interesting  to  the  gentlemen  attending  the  section  if  1  tell  them  that  so 
far  as  we  concerned,  we  have  had  no  failure  of  our  automatic  signals  except  in  the 
direction  of  giving  the  section  blocked  when  the  line  was  absolutely  clear,  and  in 
those  cases,  we  have  found  that  it  has  been  not  through  faults  absolutely  inherent  to 
the  system,  but  perhaps  through  lack  of  there  being  very  efficienf  observation  and 
care  on  the  part  of  those  entrusted  with  looking  after  the  signals. 

There  is  one  point  on  which  I  should  like  to  say  a  word  in  connection  with  the 
conclusions  in  Mr.  Margot's  paper,  where  he  refers  to  the  necessity  for  the  staff 
keeping  watch,  in  case  of  breakdowns  of  trains  and  other  such  difficulties  arising, 
and  also  keeping  a  watch  over  the  trains  themselves.  Now,  so  far  as  our  working 
goes,  we  do  not  take  our  staff  away  from  the  stations,  so  that  as  far  as  trains  are 
observed  to  see  that  they  are  complete  and  that  everything  is  in  order  at  the  stations, 
the  introduction  of  the  intermediate  automatic  block  signal  does  not  reduce  our 
security  one  iota.  The  idea  that  always  prevails  against  automatic  signalling,  as 
far  as  watching  trains  at  the  station  is  concerned,  has  been  overcome  by  the  adoption 
in  America  of  the  corridor  train  and  by  the  adoption  in  England  of  direct  commu- 
nication between  the  passenger  and  the  guard,  so  that  anything  which  may  be  wrong 
inside  the  train  is  very  quickly  ascertained.  But  we  have  taken  one  precaution 
which  I  think  is  a  very  useful  one,  and  we  have  found  worked  to  our  advantage  in 
many  cases,  and  that  is,  that  at  the  base  of  every  automatic  signal  post  we  have 
instituted  a  telephone.  Now,  we  have  found  that  when  the  signals  got  out  of  order, 
if  the  train  is  stopped,  the  guard  without  any  trouble  at  all  gets  out,  he  commu- 
nicates with  the  nearest  station,  and  all  the  necessary  measures  are  taken  for  keeping 
the  traffic  fully  at  work.  1  think  perhaps  that  may  be  a  useful  hint  to  some  of  our 
friends  who  may  be  considering  the  adoption  of  this  system  of  signalling. 

Mr.  Th.  Voorhees.  —  On  the  Philadelphia  &  Reading  Railway,  entering  the  city 
of  Philadelphia  at  our  Reading  terminal  station,  we  receive  about  250  trains  inbound 
and  about  an  equal  number  out-bound  each  twenty-four  hours,  making  nearly 
500  trains  to  be  handled  in  that  station.  The  station  and  yard  and  the  immediate 
approaches  are  all  controlled  by  the  Westinghouse  electric-pneumatic  interlocking 
and  signals,  and  we  have  used  that  power,  as  Sir  Charles  Owens  has  suggested,  for 
a  distance  of  about  a  mile  from  the  station.  Some  four  or  five  miles  out,  we  have  a 
very  large  junction  point  where  we  have  recently  installed  the  low-pressure  pneu- 
matic interlocking,  but  we  do  not  use  that  at  all  in  connection  with  the  signals. 
We  found  that  it  was  much  more  economical  to  run  the  Hall  signals  right  through 
•all  of  our  interlocking  points  than  to  undertake  to  combine  them,  and  very  much 
more  economical  than  to  use  the  electro-pneumatic  which  is  a  more  complicated 
system  in  operation.  On  our  Atlantic  City  road,  which  is  55-^2  miles  in  length, 
we  have  between  the  termini  only  three  points  where  there  are  interlocking  cabins 
necessary,  and  we  find  it  there  very  more  economical  to  handle  our  traffic,  which  is 
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very  heavy,  but  which  consists  entirely  of  through  business  from  one  end  of  the  line 
to  the  other,  by  the  use  of  automatic  signals  than  if  we  were  to  undertake  to  install 
cabins  and  manually  controlled  signals  at  all  the  points  necessary. 

There  is  one  other  advantage  which  we  find,  while  it  is  a  minor  one,  that  is  worth 
mentioning,  and  that  is,  that  the  disc  signal  in  all  cases  is  a  block  signal.  The  sema- 
phore working  from  a  junction  box  or  interlocking  tower  is  a  route  signal,  and 
there  is  immediate  notice  to  the  engine  driver  what  each  particular  signal  means. 

Mr.  Bleynie,  Midi  of  France  Railway.  (In  French.)  —  A  few  years  ago,  the  ques- 
tion of  the  automatic  block-system  came,  in  a  general  way,  before  all  the  French 
railway  companies,  owing  to  the  growth  of  the  traffic  on  the  main  lines.  Pre- 
viously the  Midi  railway  of  France  had  not  a  single  line  equipped  with  a  block 
system  worked  either  manually  or  automatically.  At  a  certain  moment,  we  desired 
to  instal  a  block-system  and  we  were  then  induced  to  study  the  various  systems 
being  used  in  Europe  and  in  America.  Subsequent  to  our  investigations,  we 
experimented  with  the  Hall  automatic  block  on  the  section  between  Bordeaux  and 
Langon  which  is  about  42  kilometres  (26  miles)  in  length.  This  system  has  been 
working  satisfactorily  for  two  years,  in  the  sense  that  no  failure  in  working  the 
signals  has  occurred  that  could  compromise  safely.  But  there  have  been  fairly 
numerous  mistakes,  especially  in  the  way  of  showing  line  blocked  when  in  reality 
it  was  clear.  These  derangements  have  involved  trains  being  pulled  up  unnecess- 
arily. 

According  to  Mr.  Piatt's  supplementary  report  (see  appendix),  the  number  of 
derangements  showing  line  blocked  whereas  it  was  really  clear  would  appear  in 
America  to  be  only  one  per  20,000  movements,  whereas  on  the  section  of  the  Midi 
Railway  between  Bordeaux  and  Langon,  the  proportion  has  been  about  3  per 
10,000  movements  with  the  Hall  system. 

Probably  this  vast  difference  in  the  number  of  derangements  is  due  to  the  fact 
that  we  are  still  only  beginners,  and  that  the  technical  education  of  the  staff  charged 
with  the  maintenance  of  the  apparatus  and  the  track  is  not  yet  complete.  But  we 
hope  to  attain  as  good  results  as  you  do  in  America. 

Many  of  these  derangements  have  been,  however,  due  to  the  air  lines,  requisite 
for  carrying  the  current,  getting  entangled.  But  Mr.  Piatt  states  in  his  report  on 
improvements  lately  introduced  into  automatic  signalling,  that  it  has  been  found 
possible  to  reduce  the  number  of  wires  required  for  making  the  circuit,  or  even  do 
away  with  them.  This  new  arrangement  would  possess  the  advantage  of  diminish- 
ing or  abolishing  the  entanglements  that  so  often  occur  in  the  overhead  wires  and 
consequently  the  derangements  of  the  block-system  that  arise  therefrom.  But  the 
statistics  supplied  by  Mr.  Piatt  about  the  number  of  derangements  and  the  number 
of  movements  of  the  signals  make  no  distinction  between  the  automatic  signals 
worked  by  the  new  systems  and  those  installed  earlier. 

Could  not  some  American  engineers  give  us  fuller  details  about  these  new  systems? 
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When  did  they  begin  to  iostal  these  new  systems  ?  What  advantages  do  they  possess 
over  the  old  systems  as  regards  original  cost  and  maintenance,  expenditure  and 
more  especially  with  reference  to  the  actual  regularity  with  which  they  work?  It 
would  be  interesting  to  bear  with  reference  to  this  last  point  something  about  the 
number  of  derangements  which  occur  on  lines  where  aerial  transmission  has  been 
either  completely  abolished  or  at  least  markedly  diminished. 

Mr.  C.  H.  Piatt,  reporter.  —  I  infer  the  meaning  of  the  question  is  as  to  the  use  of 
the  track  circuit  as  contrasted  to  the  original  track  instrument  and  wire  circuit,  that 
is,  the  operation  of  the  train  over  a  track  treadle  or  insulated  section  of  the  track, 
sending  the  current  through  a  line  wire  to  the  battery  controling  the  signal  at  the 
further  end  of  the  block.  If  that  is  the  question,  I  will  say  that  that  method  of 
operation  has  been  almost  entirely  done  away  with  and  is  very  much  out  of  date. 
Almost  universally  in  the  operation  of  the  automatic  block  signal  system  in  this 
country,  the  energizing  current  is  sent  through  the  track,  and  the  presence  of  a  car, 
or  a  truck,  or  a  bar  of  a  workman,  or  a  broken  rail,  would  preveiit  sending  that 
energizing  current  to  clear  the  signal  at  the  entrance  of  the  block.  That  is  almost  the 
universal  practice  in  automatic  signalling.  It  is  not,  however,  the  practice  in  the 
manually  controlled  signalling,  generally  speaking,  in  this  country. 

Mr.  Brisse,  French  Eastern  Railway.  —  If  you  will  allow  me,  Mr.  Chairman, 
I  will  try  to  explain  the  question  put  before  the  section  by  Mr.  Bleynie.  Mr.  Bleynie 
repoiOed  that  the  first  time,  in  the  experiments  of  their  company,  they  used  the*air 
line,  and  I  have  read  in  the  report  of  Mr.  Piatt  that  in  America,  in  any  new  instal- 
lations, the  current  is  carried  altogether  in  the  rails.  The  important  point  of  the 
question  put  by  Mr.  Bleynie  is  this,  whether  when  the  American  railways  had 
substituted  the  track  circuit,  the  results  were  as  good.  Mr.  Bleynie  thought  that  in 
some  way  the  results  obtained  in  the  experiments  by  his  company  were  not  so 
good,  due  to  the  fact  that  the  open  or  air  lines  were  influenced  by  atmospheric 
conditions,  causing  more  failures  than  when  the  track  circuit  only  was  employed. 

Mr.  C.  H.  Piatt.  —  There  are  perhaps  more  failures  to  clear  a  signal  when  the 
current  is  sent  through  the  track  than  there  would  be  if  it  were  sent  through  an  aerial 
wire,  on  account  of  the  adverse  conditions  of  insulation,  but  we  have  considerd  for 
a  good  many  years  that  the  automatic  signalling  should  do  more  than  record  the 
fact  whether  or  not  a  train  was  in  a  block,  that  if  a  train  had  broken  in  two  and  one 
car  had  been  left  in  the  block,  or  if  there  were  a  broken  rail,  or  an  open  switch,  or 
any  occupation  of  the  block,  or  any  interruption  to  the  working  of  the  block,  it 
should  be  impossible  to  clear  the  signal  at  the  entrance  of  the  block ;  and  that 
result  can  only  be  accomplished  by  sending  the  energizing  current  to  lower  the 
signal  through  the  rails;  and  while  there  may  have  been  more  failures,  as  1  say,  to 
clear  the  signal,  the  block  clear  and  the  signal  not  clear,  the  additional  prolcclion 
has  been  considered  the  paramount  question,  and  it  is  almost  universally  adopted 
in  this  country. 
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Lieutenant-Colonel  H.  A.  Torke,  Board  of  Trade,  Great  Britain.  —  Mr.  Chairman, 
the  two  excellent  papers  we  have  heard  read  seem  to  me  to  summarize  very 
completely  the  present  condition  of  the  question  of  automatic  signalling.  Of  the 
two,  the  paper  read  by  Mr.  Piatt  appears  to  adhere  more  closely  to  the  question 
which  the  Congress  has  to  consider.  That  question  is  :  What  are  the  recent  impro- 
vements in  automatic  block  signalling  apparatus  and  what  progress  has  been  made  in 
their  introduction?  The  question  therefore  does  not  invite  a  comparison  between 
automatic  and  non-automatic  signalling,  although  we  have  had  some  interesting 
information  by  the  various  speakers  relating  to  the  comparative  safety  and  the 
comparative  advantages  of  the  two  systems.  The  point  to  which  I  should  like  to 
draw  attention  is  that  there  need  be  no  difficulty  whatever,  for  the  Congress  to 
arrive  at  a  decision,  as  suggested  by  Mr.  Piatt,  that  automatic  signalling,  properly 
designed  and  installed,  be  recognized  as  a  suitable  means  of  protecting  train  and  switching 
movements. 

I  take  it  there  is  no  difficulty  in  accepting  that  conclusion,  the  importance  of  that 
conclusion  being  in  the  words,  "  properly  designed  and  installed  ".  1  also  think 
that  the  second  conclusion  submitted  by  Mr.  Piatt  is  equally  likely  to  be  accepted  : 
That  any  automatic  signal  system,  effectually  providing  that  the  signals  for  any  block  cannot 
indicate  safety  before  the  last  vehicle  of  the  last  train  which  may  have  been  permitted  to  enter 
the  block  has  cleared  the  same,  be  approved. 

I  imagine  that  we  are  all  in  accord  upon  both  those  general  principles.  But  the 
whole  importance,  as  I  have  already  suggested,  of  those  conclusions,  lies  in  the 
words  "  properly  designed  and  installed,  '  and  in  that  respect  I  should  like  to 
suggest  that  a  definite  basis  has  not  yet  been  laid  down  upon  which  to  design  auto- 
matic signalling.  We  have  a  great  number  of  inventors  and  manufacturers,  all 
introducing,  or  producing,  appliances  of  great  ingenuity  and  great  merit,  and  each 
of  them  claiming  to  give  some  advantage  which  the  other  systems  do  not  afford. 
But  so  far  as  I  know,  no  railway  company  or  no  association  of  railway  companies 
has  yet  laid  down  the  broad  principles  which  automatic  signalling  should  comply 
with.  Therefore,  it  has  always  seemed  to  me  in  studying  this  question,  which  I  have 
done  with  a  considerable  amount  of  interest  and  care  during  the  last  few  years, 
that  more  attention  has  been  devoted  to  the  mere  mechanical  details  of  the  various 
apparatus  than  to  the  broad  principles  which  automatic  signalling  is  to  serve. 

In  Mr.  Margot's  paper  it  is  stated,  at  page  60  (*),  that  the  track  circuit  is  the  fun- 
damental basis  of  most  automatic  block  systems,  and  that  it  has  the  following 
properties  :  that  "  as  long  as  there  is  an  axle  across  the  track  inside  a  block-section 
where  there  is  a  track  circuit,  the  signals  controlling  that  section  remain  at  danger.  " 
I  have  always  been  an  advocate  of  and  believer  in  a  track  circuit,  whether  applied 
to  automatic  or  to  semi-automatic  systems  of  signalling.  It  has  always  appealed  to 
me  as  introducting,  theoretically  at  any  rate,  the  maximum  of  safety  and  the  most 


(*)  Vide  Bulletin  of  the  Railway  Congress,  No.  12,  December,  1904,  p.  1630. 
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useful  control  over  any  movements  of  the  signal,  but  I  must  confess  that  my  faith 
has  been  rather  rudely  shaken  in  the  last  few  weeks  by  the  experience  in  England, 
which  has  shown  that  an  axle,  or  even  two  axles,  of  one  of  our  freight  cars  or 
wagons  does  not  invariably  place  the  signals  to  danger.  It  may  be  that  the  fault  lies 
with  our  cars.  Our  cars  in  England  have  been  criticized  a  good  deal  for  various 
reasons,  and  perhaps  this  will  afford  a  further  reason  for  criticism.  It  may  be  in 
the  construction  of  the  wheels;  it  may  be  in  the  weight  of  the  car,  but  whatever  the 
causes  may  be,  which,  as  far  as  I  understand,  have  not  yet  been  ascertained,  the  fact 
remains  that  a  single  vehicle,  unloaded,  does  not  invariably  place  the  signals  behind 
it  to  danger.  It  does  so  generally,  but  it  does  not  do  so  invariably ;  and  that  has 
been  causing  us,  and  me  personally,  a  considerable  amount  of  anxiety,  and  a  careful 
investigation  is  now  being  made  in  England  to  ascertain  the  cause  of  this  occasional 
failure.  I  have  no  doubt  the  designers  of  the  various  systems  or  signalling  will  be 
able  to  overcome  the  difliculty  in  time,  but  i  think  it  right  to  mention  the  fact, 
because  it  is  stated  here  definitely  that  where  there  is  a  track  circuit,  the  presence  of 
a  single  axle  across  the  track  will  place  the  signal  at  danger,  whereas  with  our  goods 
wagons  in  England  that  can  hardly  be  said  to  be  the  case. 

Mr.  Th.  Voorhees.  —  Mr.  Chairman,  I  would  like  to  suggest  that  Colonel  Yorke's 
criticism  is  against  the  installation  and  not  against  the  principle.  I  have  known 
signals  to  go  at  danger  because  of  the  fact  of  a  goat  tethered  with  a  chain  walking 
across  the  track,  the  chain  resting  on  the  two  rails  and  setting  the  signals  to  danger, 
but  if  we  have  a  section  car  with  one  wooden  wheel  and  put  that  on  the  track,  we 
do  not  get  any  indication  at  all,  because  we  have  no  means  of  carrying  the  current. 
You  must  give  us  a  chance  for  the  current  to  pass  through  the  vehicle,  from  one  rail 
to  the  other,  or  else  you  get  no  connection. 

The  President.  —  The  discussion  seems  to  be  at  an  end.  I  have  just  noted  down 
here  what  I  think  may  represent  the  feeling  of  the  section  generally  on  this  matter. 
Any  resolution  read  in  this  way  is  only  provisional,  but  I  have  noted  the  following : 

**  The  Congress  notes  that  there  has  been  very  great  improvement  and  extension  of 
automatic  signalling  since  its  last  session  and  that  those  who  have  used  it  have  found 
it  effective  for  their  purpose  and  that  the  promises  made  on  behalf  of  the  system 
have  been  fulfilled ;  that  the  failures  are  not  numerous  and  are  lessening  every  day. 

"  The  Congress  is  not,  however,  prepared  to  recommend  that  its  general  adoption 
supersede  present  systems  of  non-automatic  working,  though  there  are  many  cases 
of  heavy  and  increasing  traffic  where  it  may  have  special  advantages". 

Sir  Charles  J.  Owens.  —  May  I  suggest,  Mr.  Chairman,  that  in  mentioning  failures, 
which  you  very  properly  say  are  not  numerous,  you  might  state  that  the  failures 
have  been  in  the  direction  of  safety.  The  failures  which  occur  which  would  lead 
to  danger  are  extremely  few,  and  I  should  be  sorry  to  make  a  record  about  it  which 
would  suggest  that  there  is  any  appreciable  proportion  of  failures  which  would 
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be  in  the  direclion  of  danger.  In  connection  with  what  has  been  stated,  I  would 
modify  it  to  this  extent.  "  That  the  failures  are  not  numerous  and  in  few  cases 
lead  to  any  danger,  and  are  lessening  every  day  ". 

Mr.  C.  H.  Piatt,  reporter.  —  Mr.  Chairman  and  Gentlemen.  The  object  that  1  had 
in  preparing  the  report,  giving  you  so  many  statistics,  was  to  meet  exactly  the  con- 
clusions made  at  the  Paris  Congress,  which  read  : 

In  respect  to  the  absolute  automatic  blocks  intended  to  dispense  with  human  labour,  the  Con- 
gress, while  appreciating  the  theoretical  advantages  which  may  arise  from  the  use  of  the 
insulated  track  in  order  to  meet  the  requirements  named  above,  considers  that  it  would  be  pre- 
mature to  formulate  a  definite  opinion  without  knowing,  on  the  one  hand,  the  results  of  con- 
tinued trial  of  longer  duration  of  these  systems  made  on  main  lines  by  European  managomonts, 
and  on  the  other  hand  the  influence  which  insulation  of  the  track  may  have  on  strength  of  con- 
struction of  the  permanent  way,  on  the  requirements  of  maintenance,  on  possibility  of  rapidly 
replacing  rails,  etc. 

The  last  item,  "  the  influence  which  insulation  of  the  track  may  have  on  strength 
of  construction  of  the  permanent  way,  ^  has  been  found  to  be  nil.  There  is  abso- 
lutely no  interference  with  the  integrity  of  the  permanent  way  by  the  use  of  the 
track  circuit;  and  the  only  other  question,  taking  this  conclusion  as  a  basis,  is  as 
to  whether  there  has  been  a  sufficient  experience  with  the  automatic  block-system 
to  have  it  favorably  recognized  by  this  Congress.  Hence  1  went  to  a  great  deal  of 
trouble  and  spent  a  great  deal  of  time  in  gathering  statistics  to  show  just  what 
experience  we  have  had  with  automatic  signalling  in  this  country.  It  is  not  per- 
haps wise  from  the  standpoint  of  the  Congress  to  go  into  very  definite  and  far 
reaching  conclusions,  but  the  Congress  has  enunciated  its  past  conclusions  and  has 
practically  "  thrown  down  "  the  automatic  signal  system,  saying  that  its  use  was 
not  warranted.  I  refer  perhaps  to  the  one  adopted  at  St.  Petersburg,  which  reads 
as  follows  : 

With  raspect  to  apparatus  which  arc  entirely  automatic,  it  is  the  opinion  of  the  Congress 
that,  under  present  circumstances,  it  would  not  be  possible  to  rely  on  their  working  for  ensur- 
ing safety. 

Now,  that  is  against  the  automatic  signal  system.  The  subsequent  action  of  the 
Congress  has  been  non-commital,  the  last  one  asking  for  further  experience.  We 
have  reached  a  position  in  this  country  where  we  have  20,000  signals  in  operation, 
protecting  over  10,000  miles  of  track  and  making  more  than  405  million  of  move- 
ments per  year,  and  we  submit  that  that  has  been  sufficient  experience  for  (his  Con- 
gress to  take  some  action  to  qualify  the  unfavorable  action  that  has  been  taken  here- 
tofore. Now,  we  do  not  claim,  at  least  I  do  not,  and  I  think  no  friend  of  automatic 
signalling  claims  for  a  moment  that  it  is  the  only  system  of  signalling.  We  admit 
that  there  are  very  many  cases  wh^re  the  manually  controlled  signal  is  much  better. 
We  do  not  ask  for  a  moment  that  automatic  signalling  be  substituted  for  the 
manually  controlled  signalling  system.     We  simply  say  that  we  are  using  it  effec- 
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lively,  economically  and  satisfactorily,  and  we  feel  that  we  have  arrived  at  a  point 
where  there  should  be  some  positive  recognition  of  automatic  signalling  in  the 
conclusions  to  be  reached  by  this  Congress. 

I  am  entirely  in  accord  with  the  conclusions  proposed  by  the  President  so  far  as 
they  go,  but  I  would  like  earnestly  to  ask  that  the  conclusions,  as  read  by  Colonel 
Yorke,  be  added,  in  order  that  the  automatic  system  may  be  placed  on  the  same 
basis  in  the  eyes  of  the  public  as  the  manually  controlled  systems.  I  do  not  care 
to  discuss  the  comparison.  There  are  cases  where  the  presence  of  a  man  at  the 
signal  box  is  useful  and  where  it  may  be  entirely  necessary  that  he  should  be  there, 
where  it  is  economy  to  have  him  there,  and  in  those  cases  we  say,  "  Certainly,  put 
in  the  manually  controlled  signal  and  have  the  man,  have  him  watch  your  trains, 
have  him  perform  all  the  other  functions,  "  but  that  is  outside  of  the  signal  system 
in  itself.  The  signal  system  is  for  the  protection  of  trains;  and  if  you  desire  to  go 
into  the  comparisons,  we  find  that  men  in  these  signal  boxes  do  not  always  do  their 
duty.  They  sometimes  get  intoxicated,  sometimes  have  a  fit,  sometimes  are  called 
away  temporarily;  but  in  the  automatic  signal  system  the  power  that  protects  your 
trains  is  on  duty  night  and  day,  it  never  gets  drunk,  it  never  has  a  fit,  it  is  never 
absent  from  duty,  it  is  reliable  all  the  time.  If  we  should  follow  out  the  replies  to 
the  various  points  that  have  been  made,  it  would  take  a  long  time  and  would  be 
disconnected,  on  account  of  the  various  phases  of  the  discussion,  but  I  do  want  to 
request  that  either  the  conclusions  found  in  the  report,  or  similar  ones,  recogniz- 
ing this  signal  system  as  worthy  of  adoption  by  this  Congress,  be  added  to  the  con- 
elusions. 

The  President.  —  I  will  read  this  provisional  resolution  once  more,  and  I  am  sure 
that  I  think  it  is  as  far  as  the  section  is  justified  in  being  recorded.  I  may  plead  that 
though  I  am  presiding  over  you  here,  I  am  one  who  is  perfectly  unfamiliar  with  the 
technical  details  of  these  matters,  and  therefore  I  do  hesitate,  more  perhaps  than 
another  would,  to  put  on  paper  what  I  do  not  myself  fully  understand;  but  I  think 
that  Mr.  Piatt  may  be  satisfied  with  the  decided  progress  and  friendliness,  1  should 
say,  of  this  resolution  by  the  side  what  was  passed  at  the  Congress  in  Paris. 

[The  President  read  again  the  resolution  previously  proposed,  modified  by  the 
insertion  after  the  words,  "  that  the  failures  are  not  numerous  "  of  the  words  "  and 
in  few  cases  leading  to  any  danger  ".) 

Mr.  Th.  Voorhees.  —  Mr.  Chairman,  why  say  anything  about  the  failures? 
because  I  know  in  my  experience  that  there  are  quite  as  many  failures,  and  quite  as 
disastrous  failures,  from  the  manually  controlled  blocking,  or  from  absolute  block- 
ing, as  you  will  get  from  any  automatic  blocking  that  has  been  used  for  the  last  ten 
years.     Why  mention  the  failures  ? 

Mr. Evelyn C6eil,M.  P.,  London  &  South-Western  Railway. — Mr.  Chairman,  I  want 
to  plead  that  the  conclusions  of  Mr.  Plait's  paper,  which  have  been  read  by  Colonel 
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Yorke  and  others,  should  be  added  to  the  resolution.  I  do  not  think  that  it  is  going 
at  all  too  far.  I  feel  that  after  the  discussion  we  have  had  to  day  it  is  perfectly 
plain  that  automatic  signalling  has  made  very  great  strides  since  the  last  session  of 
the  Railway  Congress,  and  that  if  we  do  not  adopt  some  such  addition  to  the  pro- 
posed resolutions,  this  section  will  be  rather  showing  itself  behind  the  times  and 
not  up  to  date  with  the  progress  of  automatic  signalling.  I  am  anxious  to  press 
as  earnestly  as  I  can  that  this  consideration  should  be  borne  in  mind  and  that  we 
should  add  Mr.  Piatt's  conclusions  to  the  general  resolution  which  has  been  pro- 
posed. (Applatise.) 

Lieutenant-Colonel  H.  A.  Torke.  —  Mr.  Chairman,  may  I  be  permitted  to  support 
the  plea  of  Mr.  Cecil  that  some  form  of  recognition  should  be  given  to  automatic 
signalling  in  the  resolution  that  is  put  before  this  meeting?  We  in  England  have 
several  cases  of  installation  of  automatic  signalling  which  have  received  oflicial 
approval,  and  I  should  be  glad  at  any  rate  if  that  official  approval  were  endorsed 
by  such  an  important  as  this  Congress  is. 

The  President.  —  There  are  two  amendments,  really,  to  the  wording  which  I  have 
suggested.  The  first  is  that  all  allusion  to  the  failures  should  be  omitted,  and  that  it 
should  read  in  this  way  : 

"  The  Congress  notes  that  there  has  been  much  improvement  and  extension  of 
automatic  signalling  since  the  last  Congress,  and  that  those  who  have  used  it  have 
found  it  effective  for  their  purpose,  "  and  then  go  on  to  say  that  "  The  Congress 
is  not  prepared  to  recommend  automatic  block  signalling  for  general  adoption  to 
supersede  existing  systems,  but  they  consider  there  are  cases  of  heavy  and  increasing 
traffic  where  this  system  may  present  special  advantages.  " 

That  is  one  amendment  and  1  will  ask  those  in  favor  of  leaving  out  all  mention 
of  failures,  as  nothing  has  been  said  about  the  failures  of  non-automatic  signalling, 
to  hold  up  their  hands.  .  Remember  that  this  is  a  provisional  resolution  which 
must  be  approved  by  the  General  Secretary  before  it  is  submitted  in  the  morning. 

—  Carried. 

The  President.  —  The  other  suggestion  is  that  the  two  conclusions  of  Mr.  Plait's 
report  should  be  incorporated  in  our  resolution. 

Mr.  Mange,  Orleans  Railway,  France.  (In  French./  —  I  do  not  well  see  how  the 
conclusions  can  be  accepted  in  the  shape  proposed  by  Mr.  Piatt.  The  first  appears 
to  me  to  be  a  replica  of  the  first  paragraph  of  the  conclusions  proposed  by  the 
section's  officials  and  this  already  affirms  the  progress  effected  by  the  automatic 
block-system  since  last  session.  As  for  the  second  of  the  conclusions  suggested  by 
Mr.  Piatt,  it  seems  to  me  liable  to  be  interpreted  in  a  manner  that  would  —  I  fancy  — 
go  beyond  our  meaning,  in  so  far  as  it  states  any  block-system  is  to  be  recommended, 
provided  it  possesses  certain  arrangements.    It  would  seem  better  to  adopt  some 
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wording  bearing  a  less  general  meaning  and  state  for  instance  :  "  For  companies 
which  find  themselves  in  a  position  to  adopt  automatic  signalling,  a  system  is  to  be 
recommended  which  provides  that  the  signals  controlling  a  section  cannot  show 
**  line  clear  "  before  the  last  vehicle  of  the  last  train  which  has  been  authorized  to 
enter  this  section  has  left  it.  " 

The  President.  —  I  think  what  Mr.  Mange  has  suggested  really  is  the  same  thing 
as  the  original. 

Mr.  Mange.  —  It  is  not  the  same  thing  if  you  look  at  the  French  translation  of 
Mr.  Piatt's  conclusions.     Perhaps  in  the  original  English  text  it  is  otherwise. 

The  President.  —  Practically  the  same,  it  seems  to  me. 

Mr.  Pieron,  French  Northern  Railway,  (in  French.)  —  I  propose  that  we  add 
No.  4  of  the  conclusions  submitted  by  Mr.  Margot  : 

Regarding  the  toorhirtg  of  the  automatic  block  : 

On  lines  already  equipped  with  the  non-automatic  block  there  is  generally  no  advantage  in 
incurring  the  expense  of  the  change,  at  any  rate  under  those  conditions  which  apply  to  the 
working  of  lines  outside  the  United  States  of  America. 

In  the  case  of  lines  not  yet  equipped  with  a  block-system,  it  may  be  found  that  the  automatic 
block  can  be  adopted  with  advantage,  according  to  the  particular  conditions,  the  service  to  be 
organised  and  the  economy  of  staff  to  be  effected  as  compared  with  the  non-automatic  block. 

—  This  proposal  was  not  carried. 

The  President.  —  The  conclusions  to  be  submitted  to  the  general  meeting  will 
then  provisionally  run  as  follows  : 

""  That  automatic  signalling  properly  designed  and  installed  be  recognized  as  a 
suitable  means  of  protecting  train  and  switching  movements. 

"  The  Congress  notes  that  there  has  been  much  improvement  and  extension  of 
automatic  signalling  since  the  last  session,  and  that  those  who  have  used  it  have 
found  it  effective  for  their  purpose. 

"  The  Congress  is  not  prepared  to  recommend  automatic  block-signalling  for 
general  adoption  to  supersede  existing  systems,  but  they  consider  there  are  cases  of  ^ 
heavy  and  increasing  traffic  where  this  system  may  present  special  advantages.  " 

—  Carried. 

—  The  meeting:  rose  at  12-33. 
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DISCUSSION  AT  THE  GENERAL  MEETING 


Meeting  held  on  May  11,  1905  (afternoon;. 

Mb.  Stuyvesam  FISH,  Piiesident,  in  the  chaih. 

General   Sechetary    :  Mr.    L.    WEISSENBRUCH. 

Associate   General   Secretary   :   Mr.  W,    F.    ALLEN, 

Mr.  H.  Tylston  Hodgson,  president  of  the  .:/"'  section^  read  llie 
Report  of  the  3"*  section. 

(Sec  the  Dailij  Journal  of  the  session,  No.  7,  p.  VSo.) 

"  Mr.  C.  H.  Platt,  having  been  invited  lo  sum  up  his  report,  explained  thai  it 
was  not  intended  to  institute  a  comparison  between  the  difterent  types  of  si^aials, 
the  questions  submitted  to  the  Congress  being  the  following  : 

"  \^  What  are  the  latest  improvements  in  automatic  signals? 

•*  2°  What  progress  has  been  made  in  their  introduction  ? 

"  The  facts  stated  in  tlie  first  part  of  the  report,  are  based  on  the  information 
given  by  the  different  companies  manufacturing  automatic  apparatus  i^).  The 
second  part  contains  the  statistics  furnished  by  the  railroad  companies  using  the 
apparatus,  and  shows  the  progressive  development  of  their  use  and  the  results 
obtained.  The  last  part  of  the  report  contains  the  conclusions  submitted  to  the 
Congress  for  approval. 

"^  Mr.  C.  H.  Piatt  thought  that  these  conclusions  should  be  adopted  because  the 
reports  hitherto  made  on  the  question  of  the  automatic  block  system  have  been 
either  unfavorable  or  non-committal. 

"  The  automatic  system  has  now  come  into  sutiiciently  general  use  to  leave  no 
doubt  of  its  efficiency, 

"  The  question  whether  an  automatic  or  a  manually  controlled  system  should  be 


0)  Numerous  innovalions  have  been  brought  lo  the  attenlion  of  Iho  reporter.     He  has  taken  notice 
o   those  only  which  have  prove(i  their  practical  value  during  some  length  of  time. 
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adopted  on  a  given  line  or  under  given  circumstances,  is  not  subject  to  examination. 
The  decision  to  adopt  one  or  the  other  of  these  systems  in  special  cases,  should  be 
left  to  the  judgment  of  the  companies  interested.  But  the  automatic  system  has 
reached  such  a  high  degree  of  perfection,  that  it  may  be  considered  as  a  safe  and 
economic  method  of  protecting  trains  on  railways,  and,  with  this  in  view,  it  should 
receive  the  approval  of  the  Congress,  which  is  the  highest  authority  in  railway 
matters. 

**  During  the  year  1904,  notable  progress  has  been  made.  While  the  number  of 
movements  made  on  the  total  of  the  lines  furnished  with  the  automatic  system, 
increased  144  per  cent,  the  number  of  failures,  consisting  of  indicating  "  danger  " 
when  the  line  was  "  clear  "  increased  32  per  cent  only.  On  the  other  hand,  the 
number  of  more  serious  failures,  indicating  "  track  clear  "  when  the  track  was 
really  occupied  decreased  by  30  per  cent. 

"  These  results  were  observed  in  the  working  of  all  signals,  on  those  in  service 
for  thirty  years,  as  well  as  on  those  more  recently  installed. 

"  The  President  then  called  on  Mr.  Margot,  traffic  superintendent  of  the  Paris 
Lyons  &  Mediterranean  Railway,  to  sum  up  his  report. 

"  Mr.  Margot  explained  that  in  Europe  the  automatic  block  system  has  remained 
practically  without  progress,  because  it  had  been  in  operation  upon  only  five  sections 
of  lines,  representing  a  total  of  119  kilometres  (74  miles)  or  about  ^/looo  of  the  total 
lines  operated  by  the  block  system.  During  this  time  the  American  railroads  had 
proceeded  on  a  large  scale  towards  automatic  signalling. 

"  The  reporter  had  been  interested  to  look  for  the  cause  of  this  state  of  affairs, 
which  has  led  him  to  take  up  the  whole  question  of  the  automatic  block  system  and 
to  make  a  comparative  study  of  the  conditions  of  operation  with  a  block  system 
which  has  long  been  in  use  on  the  European  roads,  and  he  has  thus  been  led  to 
the  fol-  lowing  conclusions  : 

"  The  automatic  block  system  appears  to  be  a  perfect  theoretical  solution  when 
a  track  circuit  is  used.  The  track  circuit  accomplishes  in  the  most  complete  way 
the  spacing  of  trains  on  the  same  line,  it  solves  in  a  very  simple  way  special  cases 
of  tracks  occupied  and  those  arising  from  breaking  of  couplings,  it  allows  the 
signal  to  exercise  a  permanent  control  over  the  condition  of  the  track.  Finally,  by 
its  automatic  action  it  avoids  errors  due  to  the  human  element,  and  the  absence  of 
the  signalman  is  without  consequence  if  everything  goes  on  in  its  normal  way. 

**  But  in  practice,  account  should  be  taken  of  the  possible  failures  of  the  appa- 
ratus, and  in  this  respect  the  automatic  systems  tried  in  France  have  not  yet 
attained  that  degree  of  perfection  which  should  be  required,  even  more  from  the 
automatic  system  than  from  those  which  are  not  automatic.  It  should  also  be 
remembered  that  accidents  are  unavoidable  in  the  running  of  trains,  and  that  the 
presence  of  men  stationed  on  a  line  enhance  the  degree  of  safety,  especially  on  a 
very  busy  line. 
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"  The  automatic  block  system  does  not  furnish  the  same  guarantee,  except  at 
stations  where  there  is  an  agent  engaged  in  watching  the  movement  of  trains  and 
intervening  in  the  case  of  accidents,  so  that  the  automatic  block  system  does  not 
always  result  in  those  economies  in  the  signal  staff  which  is  really  its  object.  This 
is  a  question  of  local  conditions. 

"  With  this  in  view,  the  reporter  referred  to  the  answer  obtained  by  him  from 
the  Belgian  State  Railways,  on  which  1,633  kilometres  (1,015  miles)  of  the  Siemens 
block  system  are  installed. 

"  The  Belgian  State  Railways  have  experimented  with  the  Hall  system  and  have 
given  it  up  for  the  following  reasons  : 

"  1<*  No  economy  in  staff  is  possible  when  the  line  has  many  stations  or  many 
grade  crossings ; 

**  2**  Unavoidable  failures  in  the  apparatus  should  be  taken  into  account,  as  in 
these  cases,  the  intervention  of  the  employees  is  most  useful. 

""  In  short,  there  is  no  special  advantage  in  introducing  the  automatic  system  on 
lines  which  are  already  provided  with  a  good  working  system,  but  on  new  lines  it 
may  be  advantageous. 

"  The  reporter,  therefore,  proposed  the  following  conclusions  : 

"  I*'  On  lines  already  equipped  with  non-automatic  systems  working  well  and 
giving  full  satisfaction,  it  is  frequently  of  no  advantage  to  substitute  the  automatic 
block  system  in  their  place  at  a  great  expense,  or  at  any  rate  under  those  condi- 
tions which  apply  to  the  working  of  lines  outside  the  United  States  of  America; 

"  2<*  On  lines  not  yet  equipped  with  the  block  system  it  may  be  found  that  the 
automatic  block  can  be  adopted  with  advantage,  according  to  the  particular  condi- 
tions, the  service  to  be  organized  and  the  economy  of  staff  to  be  effected.  " 

"  Mr.  RiCHf:  {French  Eastern  Railway)  wished  to  read  the  remarks  of  Mr.  Pi^ron, 
chief  engineer  of  the  out-door  traffic  department  of  the  French  Northern  Railways, 
who  was  detained  in  another  section  and  was  therefore  unable  to  offer  them  in 
person. 

"  Mr.  Pi^ron  thought  that  the  interlocking  block  system  in  use  on  the  French 
Northern  Railways  gives  as  great  safety  as  possible,  in  that  it  avoids,  to  a  large 
extent,  the  possibility  of  human  error. 

"  The  substitution  for  the  present  system  of  the  automatic  block  system,  will 
involve  considerable  expense  in  installation,  which  would  in  no  way  be  justified  by 
the  object  to  be  obtained,  in  view  of  the  fact  that  the  results  already  attained  are 
very  satisfactory. 

"  To  the  remarks  of  Mr.  Pieron,  Mr.  Rich^  added,  in  the  name  of  the  Eastern 
Railway  of  France,  the  following  remarks  : 

**  The  question  treated  can  be  summed  up  thus  :  What  is  the  ratio  between  human 
error  and  the  failure  of  apparatus? 
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"  It  seems  certain  that  when  the  traffic  of  a  line  increases  in  large  proportions, 
one  cannot  count  indefinitely  on  human  infallibility,  and  that  the  guarantee  of  safety 
thus  decreases.  It  would  seem  that  this  reduction  in  the  element  of  safety,  would 
be  less  with  automatic  apparatus.  In  other  words,  it  appeared  to  him  that  the 
running  of  trains  on  a  line  can  be  more  readily  increased  without  reducing  the 
safety,  with  automatic  apparatus  than  with  apparatus  controlled  by  men. 

"  Mr.  Riche  held  the  opinion  that  under  such  Qonditions,  it  is  proper  to  take  the 
future  into  account,  and  he  concurred  with  the  very  broad  conclusions  of  Mr.  Mar- 
got,  who  leaves  to  each  company  full  liberty  of  action.  He  concluded  by  asking  the 
representatives  of  American  railroads,  whether  they  still  have  lines  not  equipped 
with  automatic  apparatus  and,  if  so,  whether  they  intend  so  to  equip  them. 

"  Mr.  Theodore  Voorhees  (Philadelphia  &  Reading  Railway)  reported  to  the  section 
that  he  had  installed  the  block  system  on  the  New  York  Central  &  Hudson  River 
Railroad  lines  some  fifteen  years  ago;  102  cabins  were  constructed  on  142  miles, 
the  system  installed  having  been  copied  from  the  English  system  (Saxby  &  Farmer); 
soon,  however,  the  trafiic  became  too  dense  and  it  became  necessary  to  use  the 
system  permissively  instead  of  absolutely. 

"  About  ten  years  ago,  the  Hall  system  was  introduced  on  the  Philadelphia  & 
Reading  lines ;  a  few  cases  of  false  indications  occurred,  the  majority  of  which  were 
due  to  lightning  fusing  the  points  of  the  relay.  These  defects  were  soon  eliminated. 
The  number  of  false  indications,  even  during  the  months  when  storms  are  most 
frequent,  was  soon  reduced  to  a  maximum  of  three  or  four.  On  all  parts  of  his 
system  where  the  trafiic  is  dense,  that  is,  on  about  400  miles  of  the  1,400  in  opera- 
tion, this  system  is  in  use,  and  the  complete  replacing  of  hand  signals  is  only  a 
matter  of  time.  By  the  installation  of  distance  signals  placed  at  a  distance  suffi- 
ciently ahead  of  the  ordinarj'  signals,  the  Philadelphia  &  Reading  Railway  has 
avoided  the  difficulties  resulting  from  a  driver  passing  a  signal  erroneously  and 
entering  on  the  following  block. 

"  Sir  Charles  Owens  {London  &  South  Western  Railway,  England)  stated  that  a  point 
which  has  not  yet  been  mentioned,  and  which  is  of  great  importance,  consists  in  the 
installation  of  a  mechanical  means  to  operate  even  non-automatic  signals.  By  such 
an  installation  his  company  has  succeeded  in  reducing,  to  a  large  extent,  the  number 
of  men  necessary  at  its  stations.  When  the  installation  of  the  necessary  operating 
power  has  once  been  made,  the  introduction  of  the  automatic  system  within  the 
distance  controlled  by  it  is  easily  made.  On  the  London  &  South  Western  road, 
the  mechanical  system  generally  controls  6  miles  each  side  of  the  power  station. 
The  absolute  block  system  is  in  force  on  all  the  lines  of  the  company,  and  it  suits 
the  requirements  of  a  light  traffic  perfectly,  but  when  the  traffic  gets  heavy,  an  auto- 
matic system  is  much  more  advantageous.  No  false  indications  with  the  exception 
of  those  indicating  "  danger  "  when  the  road  is  really  clear,  have  occurred  on  the 
lines  of  his  company. 
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"  Since  the  introduction  of  corridor  cars,  it  is  no  longer  necessary  to  have 
employees  along  the  line  to  watch  the  trains,  for  the  train  hands  can  see  all  that  is 
going  on.  An  innovation  introduced  on  the  London  &  South  Western  Railway, 
consists  in  installing  a  telephone  station  at  the  base  of  every  semaphore  signal, 
which  peimits  the  train  conductor,  as  soon  as  the  train  slops,  to  ascertain  the  cause 
of  the  detention. 

"  Mr.  Theodore  V^oohhees  informed  the  section  that  the  terminal  station  of  the 
Philadelphia  &  Reading  at  Philadelphia,  where  the  daily  movement  of  trains  is 
about  500,  inbound  and  outbound  together,  is  protected  by  the  Westinghouse  inter- 
locking system.  The  signals  are  installed  for  distances  of  as  much  as  i  mile  from 
Ihe  station  itself. 

"  On  the  Philadelphia  &  Atlantic  City  division,  where  the  traffic  is  very  heavy, 
and  the  length  is  ofi  ^/j  miles,  there  are  only  three  interlocking  cabins;  the  rest  of 
the  line  is^  protected  by  the  automatic  system. 

"  Mr.  G.  Bleyme  [French  Midi  Railway]  said  that  the  Hall  system  has  been  put  in 
operation  on  some  parts  of  the  lines  of  his  company,  but  it  has  shown  quite  a 
number  of  failures,  especially  by  signalling  "  danger  "  when  the  track  was  really 
clear.  The  proportion  of  failures  has  been  about  3  per  10,000  movements,  which 
is  a  much  higher  figure  than  that  given  by  Mr.  C.  H.  Platl  for  American  practice. 
Many  of  these  failures  have  been  caused  by  the  crossing  of  the  overhead  wires 
necessary  for  forming  the  circuits. 

"  Mr.  Bleynie  asked  the  American  engineers  if  they  can  furnish  data  as  to  the 
number  of  failures  on  lines  where  overhead  transmissions  have  been  either  entirely 
abandoned  or  largely  reduced  in  number.  Does  this  reduction  or  abandonment 
give  good  results,  and  does  it  produce  saving  in  the  electric  current  necessary  to 
operate  the  apparatus? 

"  Mr.  C.  H.  Platt,  reporter,  replied  that  he  could  not  furnish  any  figures,  as  lines 
using  overhead  wires  have  been  practically  abandoned.  The  system  most  in  favor 
in  America  at  present  is  track  circuit,  by  which  the  energizing  current  is  transmitted 
through  the  rail.  This  system  perhaps  causes  more  failures  —  i.  e.,  signals  of 
"  track  occupied  "  when  the  track  is  clear  —  but  it  has  the  great  advantage  of 
signalling  not  only  the  presence  of  a  train  in  a  certain  block,  but  also  a  number  of 
other  accidents  which  may  occur,  such  as  the  presence  of  a  truck,  a  broken  rail, 
open  switch,  etc. 

"  Lieutenant-Colonel  H.  A.  Yorke  (British  Government)  was  of  the  opinion  that  the 
report  presented  by  Mr.  C.  H.  Platt  adhered  more  closely  than  that  of  Mr.  Margot  to 
the  question  which  the  Congress  has  to  consider,  —  viz.,  what  the  recent  improve- 
ments arc  in  automatic  block  signalling  apparatus.  According  to  him,  any 
comparison  between  a  hand  signalling  system  and  the  different  automatic  systems 
should  be  excluded  as  irrelevant.     He  thought  that  the  Congress  should  accept  the 
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conclusions  presented  by  Mr.  C.  H.  Piatt.  He  noted,  however,  not  only  that 
diiferent  companies  do  not  agree  as  to  the  superiority  of  any  one  automatic  system 
over  other  systems  recommended,  but  they  have  never  expressed  themselves  posi- 
tively upon  the  general  principles  which  should  govern  automatic  signalling.  He 
has  always  been  a  strong  advocate  of  track  circuits,  but  he  has  observed,  at  least  in 
English  practice,  that  some  cars  with  two  axles  do  not  invariably  complete  the 
circuit  and  consequently  do  not  operate  the  signals.  This  has  greatly  shaken  his 
faith  in  the  efficiency  of  automatic  systems  depending  on  a  track  circuit. 

"  Mr.  Theodore  Voorhees  replied  that  to  operate  the  signals  it  is  necessary  to 
complete  the  circuit  and  therefore  if  the  construction  of  the  wheels  or  axles  does  not 
admit  of  this,  the  signals  cannot  give  the  indications  which  they  are  intended  to 
transmit. 

"  Mr.  C.  H.  Piatt  desired  to  call  the  attention  of  the  assembly  to  the  statistics 
contained  in  his  report,  which  were  compiled  to  meet  the  conclusion  framed  by  the 
Congress  of  1900  and  to  show  the  progress  made  with  automatic  signals  since  their 
adoption  on  a  large  scale.  The  results  obtained  in  practice  are  shown  by  the  great 
number  of  signals  now  in  use,  there  being  now  over  20,000  in  the  United  States, 
protecting  10,000  miles  of  track.  These  have  made  more  than  40o  million's  move- 
ments in  the  past  year.  He  urged  that  the  Congress  should  adopt  the  conclusions 
in  his  report.  • 

"  The  President  presented  the  conclusions  and  after  a  long  discussion  in  which 
many  of  the  members  of  the  section  took  part,  they  were  approved  in  the  following 
terms.  " 

The  President.  —  The  following  are  the 

CONCLUSIONS. 

"  That  automatic  signalling  properly  designed  and  installed  be  recognized  as  a 
"  suitable  means  of  protecting  train  and  switching  movements. 

*  The  Congress  notes  that  there  has  been  much  improvement  and  extension  of 
"^  automatic  signalling  since  the  last  Congress,  and  that  those  w^ho  have  used  it  have 
"  found  it  effective  for  their  purpose. 

"^  The  Congress  is  not  prepared  to  recommend  automatic  block  signalling  for 
"  general  adoption  to  supersede  existing  systems,  but  they  consider  there  are  cases 
**  [[of  heavy  and  increasing  traffic]]  (M  where  this  system  may  present  special 
**  advantages.  " 


(*)  The  words  within  double  brackets    were  struck  out  in   the   nccej)ted    text   ir/oV  llie  decision 
below). 
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Mr.  H.  Tylston  Hodgson,  president  of  the  S"^^  section.  —  I  have  been  asked  to  leave 
out  the  words  "  of  heavy  and  increasing  traflic  ".  The  absence  of  these  words 
would  in  no  way  alter  the  general  idea  of  the  conclusions,  as  they  affect  most 
instances  and  countries,  but  still  to  strike  out  this  phrase  would  be  some  advantage 
where  a  wrong  construction  may  be  placed  upon  the  conclusions  as  applying  to 
some  countries. 

Mr.  von  Leber,  Austrian  Imperial  &  Royal  Ministry  of  Railways  (in  French).  — 
I  second  the  suggested  amendment  because  I  think  the  wording  is  made  more  clear 
by  striking  out  these  words. 

The  President  put  to  the  vote  the  conclusions  as  amended  by  striking  out  these 
few  words. 

—  Carried. 
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Supplement  to  report  No.  1 

By  C.  H.  PLATT, 

BX-OEKBRAL  SUPERINTENDENT  WESTERN  DISTRICT,   NEW  YORK,  NEW  HAVEN  &  HARTFORD  RAILROAD. 


Figs.  23  to  29.  p.  1580  to  1585. 


Report  No.  1  closed  on  September  1, 1903,  since  which  time  many  improvements 
have  been  made  in  automatic  block  signaling  apparatus,  this  comprising  the  first 
sub-division  of  the  question  considered  in  this  report.  Many  of  these  improvements 
are  as  yet  experimental  and  have  not  been  subjected  to  conclusive  tests  in  actual 
operation  and  cannot,  therefore,  have  more  than  a  passing  reference  at  this  time. 

The  following  improvements,  however,  have  successfully  passed  the  experimental 
stage  and  are  briefly  described  : 

Harrington  electro-hydraulic  automatic  signal. 

This  system,  first  installed  in  actual  operation  in  October  last  on  a  line  having  an 
average  of  650  train  movements  per  day,  includes  several  new  features  in  automatic 
signaling : 

1°  The  use  of  a  hydraulic  accumulator; 

2**  The  use  of  a  pump  operated  by  an  electric  motor  or  other  power  to  charge  the 
accumulator; 

3**  A  new  arrangement  of  circuits  for  signal  control  for  electric  lines  where  the 
running  rails  are  used  for  the  return  power  current; 

4<»  An  arrangement  of  parts  through  which  the  semaphore  arm  assumes  an  inter- 
mediate position  between  the  danger  and  clear  indications,  when  from  any  cause 
the  signals  or  their  connections  are  not  in  working  order; 

5**  An  illuminated  semaphore  arm  giving  a  position  night  signal. 
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The  pump,  run  either  by  direct  mechanical  power,  supplied  through  the  action 
of  the  trucks  of  passing  trains,  or  as  at  present  installed  at  the  Washington  Railway 
Exhibition,  by  a  motor  operated  by  an  electric  current  from  the  third  rail  or  feeder 
line  of  an  electric  road,  supplies  the  accumulator  with  fifty  or  any  prearranged 
number  of  signal  movements.  When  the  limit  is  reached,  the  power  is  cut  off 
automatically.  The  power  for  operating  the  semaphore  arm  is  a  nonfreezing  liquid 
in  the  accumulator  acting  under  pressure.  When  in  the  operation  of  the  system, 
say  forty-five  signal  movements  have  been  made,  the  pump  starts  automatically  and 
again  supplies  the  accumulator  to  the  limit,  as  before.  If  from  any  cause,  such  as 
failure  of  power,  disarranged  or  bj'oken  circuits,  etc.,  the  accumulated  movements 
run  out  by  the  ordinary  operation  of  the  signal,  the  signal^necessariiy  and  automa- 
tically assumes  the  intermediate  position,  obviating  the  necessity  of  any  train 
passing  a  signal  in  the  danger  position,  also  obviating  the  necessity  of  stopping  at 
signals  not  in  working  order,  the  position  of  the  semaphore  arm  being  a  notice  of 
the  fact  and  indicating  caution  as  well. 

The  signal  control  circuits  provide  for  holding  the  signal  at  danger,  not  only  until 
a  train  reaches  the  insulated  rail,  but  until  the  entire  train  has  passed  beyond  it. 
The  length  of  such  insulated  rails  to  be  so  that  at  least  one  truck  is  on  the  section 
until  the  last  car  has  entirely  cleared,  this  taking  the  place  of  the  ordinary  track 
circuit  to  that  extent,  the  circuit  for  the  return  power  current  through  the  running 
rails  being  maintained  by  means  of  a  cable  conductor  passing  around  the  insulated 
section. 

The  semaphore  arm  is  of  the  inverted  U  shape.  The  two  parallel  sides  of  the 
usual  semaphore  type,  permanently  closed  on  the  top  edge,  closed  on  the  bottom 
eilge  by  a  swinging  part  with  an  automatic  catch.  The  space  between  the  two 
parallel  sides  used  for  a  line  of  incandescent  lamps,  suspended  over  roundels  of 
colored  mica,  one  each  for  the  danger  and  the  clear  indication  for  each  lamp. 
Arms  in  horizontal  position,  lamps  suspended  behind  red  roundels.  Arms  lowered 
for  clear  indication,  lamps  swing  to  positions  between  roundels  colored  to  give  that 
indication.  All  to  cover  the  general  arrangement  of  giving  a  position  as  well  as 
a  color  signal  at  night.  The  lamps  are  automatically  extinguished  when  signal  is 
not  in  working  order. 

The  details  of  this  system  further  include  : 

a)  A  semaphore  post  having  an  enclosed  space  at  the  top  in  which  the  working 
connections  of  the  semaphore  arm  are  placed.  The  usual  seven  day  oil  lamp  not 
only  illuminates  the  semaphore  lens,  but  protects  the  working  parts  from  frost; 

b)  A  folding  ladder  inside  the  post  box,  handy  for  use  when  required,  but  not 
available  for  mischief-makers; 

c)  Interchangeable  and  reversible  parts  so  that  any  one  post  or  set  of  fittings  can 
be  used  for  a  two  arm  signal  or  for  a  single  arm  signal  for  train  movements  in  either 
direction. 
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Automatic  appliances  for  setting  power  brakes,  should  a  train  pass  a  signal  giving 
the  danger  indication,  are  many;  mostly  in  the  experimental  stage,  and  as  a  rule  do 
not  operate  on  the  normally  danger  principle.  During  the  past  year,  however,  the 
Kinsman  system,  in  a  somewhat  modified  form,  has  been  installed  on  the  express 
li*acks  of  the  New  York  underground  lines  as  supplemental  to  the  automatic  visual 
signals.  The  successful  operation  of  this  system  on  so  important  a  line  for  several 
months  warrants  its  consideration  as  having  passed  the  experimental  stage. 

The  following  is  a  brief  description  with  cuts  : 

Kinsman  block  system  company. 

The  apparatus  used  by  this  company  is  designed  to  automatically  control  the 
power  and  brake  connections  on  steam  or  electric  trains  in  cases  of  emergency  or 
when  enginemen  or  motormen  fail  to  regard  danger  signals.  The  controlling 
points  are  placed  just  beyond  the  home  signals.  There  are  various  form  of  devices, 
but  that  which  has  given  the  best  results  consists  of  the  following  :  Wire  circuits 
are  looped  into  or  controlled  by  the  battery  circuits  of  the  various  visual  signal 
systems.  These  circuits  are  continued  to  and  include  contact  rails  of  a  very  subs- 
tantial character,  placed  between  the  main  running  rails,  and  raised  one  or  two 
inches  above  them.  Great  care  has  been  exercised  in  producing  of  form  a  contact 
which  will  meet  the  demands  of  high  speed  tratlic. 

The  contact  rail  may  be  either  continuous  or  sectional.  Where  a  constant  contact 
is  required,  a  continuous  rail  is  used.  This  results  in  a  complete  closed  (normally 
danger)  circuit  for  the  engine  apparatus  and  road  circuits.  Where  sectional  contact 
rails  only  are  used,  the  result  is  an  open  circuit,  as  between  the  engine  circuits  and 
the  contact  rail  circuits  between  sections,  but  this  system  is  designed  for  use  as  an 
auxiliary  to  the  visual  signals,  and  in  no  way  lessens  their  etticiency,  and  in  the  latter 
case,  as  the  road  circuits  are  normally  closed  and  so  arranged  that  any  defect  therein 
results  in  the  semaphore  taking  or  holding  the  danger  position,  the  objection  to  the 
intermittently  open  circuit  is  largely  eliminated. 

Figure  23  represents  locomotive  equipment  in  normal  running  position,  throttle 
valve  open. 

Figure  24  represents  locomotive  equipment  after  the  power  has  been  automatically 
cut  otf'and  the  air  brake  set. 

In  both  figures  23  and  24  are  shown  the  balanced  throttle  valve  B  with  bell  crank 
and  throttle  stem  attached  to  a  cylindrical  follower  within  cylinder  C.  This 
follower  contains  four  200-pound  clutches  A,  any  two  of  which  holds  against  any 
movement  of  the  throttle  lever  A  by  the  engine  driver,  the  result  being  that  the 
follower  or  piston  travels  with  throttle  stem  BA'  in  any  position  it  may  be  placed 
for  taking  steam,  but  always  covering  port  k  when  steam  is  being  used.  It  follows 
that  the  introduction  of  the  air  pressure  from  train  pipe  F',  resulting  from  the  action 
of  magnet  M,  through  chronometer  valve  V  exerts  sufficient  pressure  on  follower  H 
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to  cause  its  clutches  hh  hh  to  ride  up  the  slightly  bevelled  side  of  depression  Y  to  a 
point  which  uncovers  port  k,  in  which  position  throttle  valve  B  is  closed,  as  though 
it  had  been  done  by  the  engineer  with  the  forward  movement  of  throttle  lever  A. 
The  air  then  escapes  through  port  k,  and  the  air  bralbes  arc  set  in  a  manner  similar 


Fig.  27. 


^  oir  brafcc 


to  the  operation  of  the  engineer's  brake  valve  E  by  hand,  thereby  bringing  the  train 
to  a  staxHlstill  in  the  absence  of  the  engineer  or  any  counteracting  effort  on  his  part. 
When  he  is  ready  to  proceed,  he  throws  forward  throttle  lever  A  as  in  the  act  of 
Cutting  off  the  steam  by  kaad,  thereby  bringing  depression  Y  into  position  for  the 
re-engagement  of  clutch  A,  which  act  opens  valve  V,  introducing  air  pressure  into 
small  cylinder  C,  which  automatically  resets  chronometer  valve  V,  thus  admitting 
of  the  restoration  of  the  pressure  in  train  pipe  F'  and  otherwise  restoring  normal 
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Fig.  29. 
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running  conditions.  It  will  be  seen  that  all  automatic  movements  are  in  the 
direction  of  safety  conditions.  Port  k  is  adjustable  to  service  or  emergency  stops, 
and  is  subject  to  m^oditication  in  case  of  vacuum  brake  equipments. 

Figure  23  represents  a  modified  form  of  automatic  control  circuits  in  combination 
with  normal  safety  visual  indications. 

Figure  26  represents  a  normal  datiger  automatic  control  system,  in  which  circuit 
defects  cause  a  danger  indication  by  the  symaphores  during  the  continuance  of  a 
broken  circuit  in  either. 

Figure  27  illustrates  one  form  of  electric  motive  power  and  air  brake  control  for 
use  with  or  without  visual  signals. 

Figure  28  represents  electric  control  apparatus  using  current  from  the  powej 
circuit. 

Figure  29  sliows  the  automatic  tripping  device,  especially  designed  for  elevated  or 
underground  lines. 

Union  Switch  and  signal  company. 

The  track  circuit  control  of  automatic  signals  for  electric  lines  using  alternating 
current  for  the  signal  system,  as  heretofore  installed  by  this  company,  has  required 
the  use  of  one  rail  for  the  control  circuit.  An  improvement  recently  worked  out  is 
a  system  in  which  both  rails  are  left  available  for  the  direct  power  current  and  an 
allernating  current  is  used  on  the  same  rails  for  the  control  circuit.  At  each  end  of 
each  block  section  is  inserted  an  impedance  bond,  which  permits  the  free  passage 
of  the  power  current,  but  does  not  permit  the  passage  of  the  alternating  signal 
control  current.  The  apparatus  has  already  been  installed  on  one  line,  and  is  in 
successful!  operation.     Other  more  important  installations  are  now  in  progress. 


The  use  of  storage  batteries  for  the  operation  and  control  of  various  types  of  auto- 
matic signals,  while  not  new,  has  received  much  attention  and  favorable  consider- 
ation during  the  past  year.  By  the  use  of  such  batteries,  a  higher  efficiency  in  signal 
operations  is  obtained  as  compared  with  the  use  of  primary  batteries,  and  where  the 
conditions  are  suitable,  they  are  found  to  be  economical  as  well  as  more  efficient. 
Experience  so  far  indicates  that  under  such  conditions  the  saving  is  about  thirty 
per  cent  per  year  on  the  cost. 
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What  progress  has  been  made  in  introduction  of  signals? 

The  following.  &tatistl£S  covac  thasigj:ial  operations  in.thfi  tamiory  covexedby  this 
report  for  the  year  1904. 

The  statistics  as  to  the  number  of  automatic  signals  installed  or  under  contract  is 
to  ApriM,  1905. 

TAblt  I. 


Number  of  block  signals  April  i,  1905. 


SIGNALS. 

Number 

September  1, 

1903. 

Number  reported 
since  * 
that  date. 

Total. 

Electro-pneumatic  semaphore  .... 

^ectric  semaphore 

BIeelro*gas  semaphore 

Enclosed  disc     . 

Clockwork  disc 

;                                                  Total.     .     . 

3,100 
4,049 
495 
4,485 
i,090 

2,900 

2,864 

1,43^ 

212 

75 

6,000 
6,933 
1,934 
4,697 
1,165 

13,219 

7,510 

20,729 

Table  n. 


Number  of  signal  movements. 


H 

s  ^ 

So 

SIGNALS. 

^  A  vera  MP  per  day, 
24  hours. 

Average 
per  mouth, 
30  5/i2  days. 

ToUil 
for  year. 

6 
17 
10 
22 

7 

Electro-pneumatic  semaphore            .     . 

Electric  semaphore 

Electro-gas  semaphore 

Enclosed  disc 

Clockwork  disc 

Total.     .     . 

241,132 
498,037 

^           53,859 
278,704 

;           39,302 

7,334,423 
15,148,617 
1,638,201 
8,477,245 
1,195,449 

1 
88,013,073    j 

181,783.407    ' 
19,658,416 

101,726,948 
14,345,387    \ 

1,111,034 

33,793,935 

405,527,231 
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Table  m. 


FAILURES. 

Number  of  signal  failures  per  year,     (Signals  not  clear  when  block  is  clear.) 

Roads  reporting  12,606,940  signal  movements  per  year,  included  in  Table  II,  have  not  returned  complete  data 
in  regard  to  signal  failures,  and  are  therefore  not  include<l  in  this  compilation. 


•n 

O 

1 

a 

55 

SIGNALS. 

Average 
number 

of 
failures 

day. 

Average 
number 

of 
failures 

per 
month. 

Total 
number 

of 

failures 

per 

year. 

Total  number 

of 

siRual 

movements 

per  year. 

Average 
uumber 

of 

signal 

movemeuts 

per 

year. 

1 
i 

a 

si 

1 

6 

Electro-pneumatic  semaphore  . 

4.51 

137.25 

1,647 

88,013,073 

53,438 

4 

25 

15 

Electric  semaphore  .... 

13.69 

416.42 

4,997 

178,217,007 

35,664 

9 

83 

8 

Electro-gas  semaphore  .     .      . 

3.73 

113.41 

1,361 

15,493,026 

11,384 

5 

20 

19 

Enclosed  disc 

12.28 

373.42 

4,481 

99,577,848 

22,222 

10 

36 

4 

Clockwork  disc 

Total.     .     . 

18.02 

548.00 

6,576 

11,619,337 

1,767 

1 

22 
186 

52.23 

1,588.. 50 

19,062 

392,920,291 

20,613 

Table  IV. 


FAILURES. 

Number  of  signal  failures  per  year.     (Signals  not  clear  token  block  is  clear.) 

Roads  reporting  12,606,940  signal  movements  per  year,  included  in  Table  II,  have  not  returned  complete  data 
in  regard  to  signal  failures,  and  are  therefore  not  included  in  this  compilation. 


SIGNALS. 


Account 

of 

batteries 

(broken 

jars 

or 

other 

parts). 


Signal 
department. 


of  fault!  maintenanoe 
or  Intpection. 


Railway 

department. 


Miscella- 
neous 
and 

unclassi- 
fied. 


Total. 


Electro-pneumatic  semaphore . 
Electric  semaphore .  .  .  . 
Electro-gas  semaphore  . 

Enclosed  disc 

Clockwork  disc 

Total. 


123 

919 

95 

607 

1,143 


586 
1,399 

593 
1,153 
1,829 


403 

867 

247 

1,188 

1,201 


535 
1,812 

426 
1,533 
2,403 


2,887 


5,560 


3,906 


6,709 


1,647 
4,997 
1,361 
4,481 
6,576 


19,062 
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DETAILED   CAUSES    OF   MISCELLANEOUS    AJSD    UNCLASSIFIED  FAILURES 

ARE   AS    FOLLOWS  : 

(signals  not  clear  when  block  is  clear.) 

Electro -pneumatic  semaphore. 

Broken  air  pipe 118 

—      or  defective  mechanism ...          71 

— '     wires .     .  147 

Foreign  cun'ent 1 

Frost 30 

Lightning 96 

Malicious  disturbance 24 

Short  circuit 23 

Storm 7 

Unknown 18 


Electric  semaphore. 


Electro-gas  semaphore. 


535 


Broken  or  defective  mechanism 105 

—      wires 493 

Crossed  wires 35 

Foreign  current 12 

Frost 91 

Grounded  wires.     ...           2 

Lightning     ....           .....  84 

Malicious  diFtnrbn nor 51 

Storm 607 

Unknown 332 


1,812 


Broken  or  defective  mechanism 14 

—      wires 57 

Crossed  wires    ....          1 

Foreign  current 4 

Frost 6 

Grounded  circuit 8 

Lightning 293 

Malicious  disturbance 2 

Short  circuit      .     .                           ...                1 

Storm 24 

L'nknown .     .  16 


426 
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Enclosed  disc 

Broken  glass 3 

—  or  defective  mechanism 6 

—  wires 544 

Foreign  current 137 

Frost 50 

Grounded  wires 1 

Lightning 276 

Malicious  disturbance 171 

Short  circuit 82 

Storm 211 

Unknown 52 

r,533 

Clocktoork  disc. 

Broken  mechanism 1 

—  wires 29 

Crossed  wires 1 

Foreign  current 272 

Frost 1 

Grounded  wires 2 

Lightning 221 

Malicious  disturbance 271 

Short  circuit 110 

Storm 2'2b 

Unknown 1,270 


2,403 

CAUSES  OF   FALSE   CLEAR   INDICATION'S. 

Electro  pneumatic  semaphore. 

Broken  wires 2 

Crossed  wires 1 

Errors  or  neglect  of  batterymen  or  linemen 10 

Foreign  current ...  7 

Frozen  signal 1 

Lightning 1 

Magnet  wire  grounded .     .  1 

Unknown 2 


•*o 
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Electric  semaphore. 

Armature  of  polarized  relay  stuck 

Arm  plate  casting  caught  on  broken  lamp 

Broken  glass  held  relay  points  closed 

—  relays 

—  crank  an  slot  arm 

Crossed  wires 

Defective  mechanism 

Errors  or  neglect  of  batterymen  or  linemen 

Foreign  current 

Frost 

Grounded  wire* 

Ground  on  motor  circuit  and  indicator  circuit 

Leak  in  switch  box 

Lightning 

Mechanism  caught 

Residual  magnetism  in  slot  magnets 

Slot  armature  frozen  to  magnet  heads 

Unknown 

Water  leaked  into  relay  case  and  frozen 

Eleciro-gas  semophore. 

Cylinder  lubrication  became  stiff  from  extreme  cold  weather  and 

held  piston 

Enclosed  relay  points  frozen .... 

EiTors  or  neglect  of  batterymen  or  linemen 

Foreign  current 

Lightning 

Mechanism  cauglit  in  case 

Sand  from  gravel  train,  covered  rail  preventing  contact    .... 

Enclosed  disc. 

Broken  front  glass  held  signal  clear 

Cross  with  indicator  wire 

Derailment  caused  closed  circuit 

Errors  or  neglect  of  batterymen  or  Ibiemen 

Foreign  current 

Ice  formed  on  signar instrument  armature <     .     . 

Lightning 

Xfalicious  disturbance 

Miechanism  caught .     . 

Residual  magnetism  in  coils  of  instrument     ...  ... 

Ring  holding  red  glass  broke,  .«>howing  white  (clear) 


1 
I 
1 
2 

1 
1 
2 
43 
I 
6 
2 
1 
1 
6 
4 
2 
2 
5 

83 


1 
1 

13 
2 

1 
1 

1 

20 

2 

1 

1 
14 
8 
1 
3 
3 
1 
1 
1 

36 
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Clockwork  disc. 
Errors  or  neglect  of  batterymen  or  linemen  . 


22 


It  will  be  seen  by  an  examination  of  the  above,  that  nearly  all  the  failures  as  given 
in  detail  are  caused  by  faulty  inspection  and  maintenance  or  on  account  of  storms, 
lightning,  frost  or  malicious  interference  common  to  all  methods  of  signaling. 

The  figures,  however,  state  the  facts  as  given  by  the  railroad  companies  reporting, 
and  show  what  results  have  been  obtained,  in  other  words,  what  the  efficiency  is  at 
the  present  time,  and  under  present  methods  of  inspection  and  maintenance. 

It  will  be  also  noted  that  lightning  and  other  causes  beyond  human  control  add 
very  largely  to  the  total  number  of  failures,  and  as  such  failures  are  not  evenly 
distributed,  any  system  unfortunately  located  may  suffer  unjustly  in  comparison. 

The  following  tables  show  number  of  signal  movements  per  failure,  taking  only 
such  failures  as  are  directly  chargeable  to  the  several  types  of  apparatus,  as  at 
present  designed,  manufactured  and  installed. 

Signals  not  clear  when  block  is  clear. 


li 

SIGNALS. 

Number 
of  failures 
per  yeiir. 

Total  number 

of  signal  movemeuts 

per  year. 

Avera  e  uumber 

of  siguul  movemeuts 

per  failure. 

6 
15 

8 
19 

4 

Electro-pneumatic  semaphore      .     .     . 

Electric  semaphore 

Electro-gas  semaphore      .           ... 

Enclosed  disc    .                 

Clockwork  disc 

Total.      .      . 

189 

105 

14 

9 

1 

88,013,073 
178,217,007 
15,493,026 
9^,577,848 
11,619,337 

465,677 

1,697,305 

1,106,644 

11,064,205 

11,619,337 

318 

392,920,291 

1,235,598 

False  clear  indications. 


H 

SIGNALS. 

Number 
of  failures 
per  year. 

Total  number 

of  signal  movemeniii 

per  year. 

Average  uumber 

of  signal  movements 

per  failure. 

6 
15 

8 
19 

4 

Electro-pneumatic  semaphore 
Electric  semaphore      .... 

1 
15 
1 
6 
0 

88,013,073 
178,217,007 
15,493,026 
99.577,848 
11,619,337 

88,013,073 
11.881.134 
15,493,026 
16,596,308 

Electro-gas  semaphore 
Enclosed  disc   ...           .      . 
Clockwork  disc 

Total. 

23 

392,920,291 

17.083.491 
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The  following  tables  show  number  of  signal  movements  per  failure,  taking  the 
unknown  causes  together  with  those  directly  chargeable  to  the  several  types  of 
apparatus. 

Signals  not  clear  when  block  is  clear. 


H 

SIGNALS. 

Number 
of  failures 
per  year. 

Total  number 

of  sigual  movements 

per  year. 

Average  number 

of  sigual  movements 

per  failure. 

6 
15 

8 
19 

4 

Electro-pneumatic  semaphore     .      .     . 

Electric  semaphore 

Electro-gas  semaphore 

Enclosed  disc 

Clockwork  disc 

Total       .     . 

207 

437 

30 

61 

1,271 

88,013,073 
178,217,007 
15,493,026 
99,577,848 
11.619.337 

425,184 

407,819 

516,434 

1,632,423 

9,142 

2,006 

392.920,291 

195,872 

False  clear  indications. 


SIGNALS. 

Number 
of  failures 
per  year. 

Total  number 

of  bignal  movements 

per  year. 

Average  number 

of  signal  movemeHls 

per  failure. 

6 
15 

8 
19 

4 

L 

Electro-pneumatic  semaphore     .      .     . 

Electric  semaphore 

Electro-gas  semaphore 

Enclosed  disc 

Clockwork  disc 

Total.     .     . 

3 
20 

1 
6 
0 

88,013,073 
178,217,007 
15,493,026 
99,577.848 
11,619,337 

29,337,691 

8,910,850 

15,493.026 

16,596.3.8 

30 

392,9?0,291 

13,097,343 
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[  686  .226  ]  QUESTION  XI. 


BAGGAGE  AND  EXPRESS  PARCELS 


A .  Baggage.  —  Handling  and  protection  of  baggage.  Methods  for  avoiding 
detentions^  losses  and  divemions  in^ranaporting . 

Reporter  : 

All  vounlries.  —  Mr.  Geo.  H.  Daniels,  general  passenger  agent,  New  York  Central 
&  Hudson  River  Railroatl. 

B.  ExPHESs  PARCELS.  —  Handling  and  protection  of  express  parcels  for 
quick  or  slow  delivery.  Methods  for  avoiding  detentions,  losses  and 
diversions  in  transporting. 

Reporter  : 
All  countries.  —  Mr.  J.  H.  Bradley,  general  traflic  manager,  American  Express  Company. 
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SECTIONAL    DISCUSSION 


Meeting  held  on  May  5,  1905  (morning). 


Mr.  H.  Tylston  HODGSON,  president,  in  the  chair. 

Mr.  J.  H.  Bradley,  reportei\  —  In  presenting  my  report  to  your  section,  I  beg  to 
state  that  my  understanding  of  the  course  to  be  pursued  by  me  at  this  particular 
time  is  that  1  am  to  confine  my  remarks  to  a  brief  outline  of  the  general  rules  or 
methods  which,  as  a  result  of  my  inquiries  or  experience,  1  have  found  necessary 
for  the  protection  of  parcels  in  transit,  and  measures  necessary  to  be  adopted  for 
reducing  to  a  minimum  the  possibility  of  loss,  damage,  or  diversion  in  transit  of 
express  parcels. 

If  you  find  upon  the  conclusion  of  my  remarks,  that  I  have  not  gone  into  detail  at 
this  time  as  fully  as  was  expected  of  me,  and  that  I  might  have  undertaken  lo  con- 
trast briefly  the  methods  of  this  country  with  the  methods  prevailing  in  other  coun- 
tries, my  reply  will  be  that  I  do  not  believe  it  is  expected  of  me  and  to  ask  you 
to  consider  that  I  have  not  been  present  at  previous  sessions  of  the  Congress  and 
that  I  am  the  first  reporter  to  present  a  paper  for  the  consideration  of  your  section. 
Consequently,  I  have  had  no  opportunity  to  observe  or  to  know  what  course  will 
be  pursued  by  other  reporters. 

The  general  rules  or  methods  submitted  in  my  report  for  your  consideration  are 
briefly  as  follows  : 

1**  That  every  shipment  accepted  is  so  securely  enclosed,  packed  and  protected,  as  to  ensure 
the  safe  transmission  of  its  contents  if  handled  with  ordinary  and  usual  care ; 

29  That  the  full  and  complete  address  is  inscribed  upon  the  package  with  brush  or  with  pen 
and  ink,  and  in  such  a  manner  that  the  address  is  not  likely  to  become  erased  or  detached ; 

3®  That  a  receipt  must  be  issued  for  the  same ; 

4*  That  the  valuation  and  contents  shall  be  ascertained,  if  possible,  in  order  that,  if  on 
account  of  the  nature  of  the  contents  or  their  value,  unusual  care  and  protection  are  required, 
the  same  may  be  afforded ; 

5<*  That  the  wagons  used  for  collection  or  delivery  of  shipments  should  be  so  enclosed  and 
protected  as  to  minimize  the  possibility  of  damage  by  the  elements,  loss  by  falling  from  the 
wagon,  or  loss  by  theft,  and  that,  if  possible,  the  drivers  of  vans  or  wagons  engaged  in  collecting 
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shipments  from  business  places,  hotels  and  residences,  should  be  required  to  discharge  their 
shipments  at  the  out-freight  depot  or  clearing  house  at  which  the  shipments  are  weighed,  waj- 
billed,  packed  into  route  trunks,  or  assorted  into  their  respective  runs  and  dispatched  towards 
their  ultimate  destination,  and  that  such  shipments  must  not,  if  possible  to  prevent,  be  subjected 
to  the  loss,  damage  or  delay,  and  consequent  additional  and  unnecessary  expense  incident  and 
likely  to  result  if  the  shipments  are  unloaded,  rehandled,  and  reloaded  at  intermediate  offices  or 
depots ; 

6<*  That  every  shipment  found  in  bad  order,  either  at  the  point  of  shipment  or  at  an  interme- 
diate point,  shall  be  immediately  repaired  and,  if  in  such  condition  as  to  warrant  the  belief  that 
any  portion  of  the  original  contents  may  be  .missing,  or  broken,  the  package  must  be  opened  in 
the  presence  of  a  second  party,  complete  transcript  of  the  contents  made  and  filed  for  future 
reference,  and  the  shipment  repacked  and  sent  forward; 

7°  That  shipments  of  currency,  gold  coin,  securities  and  valuables  will  be  accepted  only  when 
tendered  by  the  shipper  at  the  money  receiving  offices  of  the  company ; 

8°  That  drivers  accepting  shifmients  of  merchandise  upon  which  the  shipper  has  declared  a 
value  in  excess  of  $50,  must  enter  such  shipments  upon  a  book  provided  for  that  purpose,  and 
obtain  a  receipt  for  the  shipments  from  an  official  authorized  to  receipt  for  them  at  the  depot  or 
forwarding  office  at  which  they  are  delivered ; 

9^  Tlmt  all  employees  engaged  in  ainl  charged  with  the  responsibility  of  despatching  ship- 
ments shall  be  informed  as  to  the  exact  location,  of  the  places  reached  by  the  company's  lines, 
and  of  the  location  of  the  junction  points  on  connecting  companies'  lines,  and  of  the  places  on 
those  lines  which  must  pass  through  those  junction  points,  and  of  the  direct  lines  vi^  which  all 
shipments  will  reach  their  final  destination  most  expeditiously  and  with  the  least  number  of 
transfers,  and  that  the  terminal  points  to  which  through  cars  are  run  must  be  the  points  at 
which  the  greatest  amount  of  freight  is  to  be  discharged  or  returned,  and  as  far  as  possible 
the  points  where  sufficient  time  is  had  for  re- shipment  over  connecting  lines,  and  that  in  loading' 
the  freight  and  shipments  into  cars,  it  must  be  arranged  according  to  destination  in  geographical 
order ; 

10®  That  there  should  be  na  relinquishment  of  the  discipline  by  which  e^erj  employee-  is 
held  personally  responsible  for  loss  o^  damage  resulting  from  failure  to  perform  the  duties  and 
to  exercise  the  vigilance  and  care  devolving  upon  his  position. 

The  dispatch  of  money  must  be  immediate  and  its  transmission  uninterrupt;ed. 

Every  employee  having  immediate  custody  of  pacJ^ages  of  considerable  value,  must  write-  on 
the  package  over  his  own  signature  the  date  and  hour  it  came  into  his  possession. 

A  detention  of  a  money  shipment  en  route  should  be  accepted  as  a  warning  of  the  existence 
of  some  irregularity  in  handling,  or  fault  in  selecting  the  route  or  train  on  which  the  shipment 
was  dispatched.    Immediate  investigation  should  be  instituted  to  ascertain  the  cause  of  detention. 

Outsiders  must  not  have  access  to  the  inner  offices  of  express  companies,  or  to  depots  where 
valuables  are  transferred  from  receiving  rooms  and  safe  wagons  to  the  cars,  or  to  the  raessen- 
gers's  cars  where  valuables  are  checked,  assorted,  placed  in  safes  or  prepared  for  delivery  to  the 
agents  at  the  destination  points. 

Acquaintances  of  money  deliverymen  must  not  be  permitted  to  accompany  them  on  their 
rounds  of  delivery. 

Messengers  and  deliverymen  must  bfe  provided  with  strong  safes  for  the  storing  of  their 
valuables  and  with  assista,nce  necessary  for  the  protection  of  the  same. 

Money  must  not  be  delivered  by  train  messengers  to  agents  at  stations  after  nightfall  whore 
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there  are  inadeqwate  provisions  for  the  safekeeping  over'  night  of  packages  that  have  arrived 
too  late  fordfelivery  to  the  coirsignee. 

Agents  must  b^  required  to  tender  packages  of  laoaeif  to  the  consignee  imsiediatel^  after' their 
arrival  andtinsist)  upon  their  acceptance  and  to  decline  to  retfioa  possession  of  the  packages  as  a; 
matter  of  conx^nienoe  or  accomimodalioh  to  <the  coosignaei 

Emiplojeee  mui^t  be  prohibited  from  making  mention,  of  an-j  shipments  of  that  charaetev 
received  by  them,  for  forwarding  or  deiiveiy, 

I  have  not  undertaken  at  this  time  to  explain  the  reasons  f6r  any  one  of  these 
conditions,  but  I  have  done  so,  I  think,  in  my  reports,  except  as  t6  the  money  affairs, 
which  I  did  not  go  into  so  extensively.  1  have  made  tro  reference  to  the  mechanical ' 
appliances  desirable  for  the  prevention  of  loss,  damage  or  diversion,  stich  as  the 
form  or  character  of  wagons,  the  arrangement  of  the  interioir  of  cars  and  for  the 
movement  of  packages  from  one  partof  a  depot  to  another,  such  as  are  seen  in  the 
Gare  d'0rI6ans  in  Paris.  We  must  meet  this  problem,  1  think,  in  New  York  City, 
but  that  subject  has  been  very  ably  treated  and  writtemipon  by  an  English  engineer, 
and  it  is  being  considered  now.  I  did  not  think  that  I  was  competent  orthat  it  was 
my  place  to  undertake  to  say  anything  about  that. 

The  Fresiient;  —  We  are  indebted  to  Mr^  Bradley  for?  his  paper  and'  I  will,  now 
ask  Mr.  Skinner  to  read  for  Mr.  Daniels  the  otbear  paper  we  \i9tve  on  baggage. 
I  should  say  that  these  two  subjects,  though  very  closely  connected,  are  somewhat 
separate,  but  it  has  been  found  in  previous  con^r^sses  that  it  is'  better  to  road 
together  papers  that  are  nnoare  or  less  connected  a^ad:  then  take  the  discussion  upoii 
thefii  all  afterwards^ 

Mr.  W.  M.  Skinner,  secretary-reporter,  —  As  Mr.  Daniels,  owing  to  other  engage- 
ments, found  that  he  would  be  unable  to  present' to  this  body  the  paper  whidx  as 
reporter  he  had  prepared  on  the  subject  of  baggage^  be  obtained  permission  from  the 
Gei>eral  Secretary  to  allow  me  to  appear- before  you  and  endeavour  to  present  to  you 
his  views  as  set  forth  in  the  paper. 

Mr.  Daniels*  report  is  divided  into  two  parts.  The  second  part  comprises  the 
list  of  questions  sent  out  to  all  the  companies,  together  with  th«r  replies.  TWe 
latter  will  enable  all  the  delegates  to  form  an  opinion  as  to  how  the  baggage  service 
is  orj<anized  in  the  various  countries.  As  regards  the  first  part  of  the  report;  it 
contains  Mr.  Daniels,  views  about  the  service,  and  his  opinions  may  be  summed  up  ia 
the  following  manner  : 

l"*  Avoid  delay  in  handling  passengers,  lug|;age  and  obviate  its  going  astray; 
2**  Serve  the  interests  of  the  carrying  companies  as  well  as  possible. 

1  a^ree  with  Mr.  Daniels  in  thinking  that  the  system  followed  in  America  fulfils 
these  two  conditions. 

A-i  n»gards  the  first  point,  I  may  say  that,  owing  to  the  check  system  employed  in 
Am.ri^^a,  each  piece  of  baggage  becomes  a  separate  consignment  and 'that,  howe\ier 
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great  the  distance  travelled,  no  passenger  has  to  bother  about  his  baggage  which  is 
collected  at  one  end  and  delivered  at  the  other.  In  case  of  mistakes  or  loss,  which 
unfortunately  cannot  always  be  avoided,  luggage  is  easily  recovered.  When 
anything  is  reported  as  missing  to  the  general  baggage  agent,  he  promptly  looks 
into  the  matter  with  the  help  of  the  statements  drawn  up  by  the  station  and  train- 
baggageman.  By  telegraphing,  the  luggage  is  easily  recovered  and  sent  on  to  its 
proper  destination,  where  it  is  handed  over  to  the  owner  after  removing  the  attached 
checks.  In  subsequent  journeys,  a  trunk  does  not,  therefore,  have  old  labels  which 
may  give  rise  to  mistakes  or  loss. 

Mr.  Daniels  believes  the  system  used  reduces  to  a  minimum  the  loss  delay  and 
damage  of  packages,  and  consequently  decreases  the  expenses  of  railways  under  this 
head.  He  likewise  thinks  that  of  all  the  systems  in  force,  the  one  used  in  America 
necessitates  the  smallest  number  of  employees.  Hence  comes  another  saving  in 
expenditure. 

Again,  he  draws  the  attention  of  the  meeting  to  the  fact  that  in  the  United 
States  passengers  may  take  150  lb.  of  luggage  free;  this  is  considerably  more  than  is 
allowed  in  many  other  countries. 

Mr.  Daniels  also  mentions  the  Russian  law  by  which  railways  are  liable  for  the 
luggage  of  passengers.  This  law  provides  that  if  the  passenger  pays  a  certain  sum 
he  may  insure  his  luggage,  when  of  exceptional  value,  against  loss  or  damage  up  to 
its  full  value.  If  he  does  not  choose  to  pay  the  excess  and  prefers  to  run  the  risk 
himself,  the  liability  of  the  railway  is  limited  to  so  much  per  lb.  of  luggage  conveyed, 
according  to  the  class  of  ticket  taken.  All  reasonable  and  honest  passengers  would 
obviously  approve  a  law  of  this  kind.  Russia  replied  as  follows  to  question  39  asked 
by  the  reporter  which  ran  in  the  manner  given  below  : 

Is  the  liability  of  carrier  for  loss  or  damage  limited  by  law,  and  if  so,  to  icliat  extent  f 

Providing  no  value  is  set  on  the  baggage  at  the  time  it  is  registered,  the  railroads  are  liable 
as  follows  :  baggage  checked  on  first  class  tickets,  3  rubles  ($1*56,  U.  S.)  per  pound;  second 
class  tickets  2  rubles  ($1-04,  U.  S.)  per  pound;  third  class  tickets,  1  ruble  (52  cents,  U.  S.)  per 
pound.  When  value  has  been  declared  on  the  baggage,  the  railroad  has  to  pay  full  price  set  at 
the  time  of  registration,  in  case  of  loss,  and  a  proportionate  amount  in  case  of  damage.  No 
amount  is  paid  for  delays.  An  extra  charge  is  made  when  value  is  placed  on  baggage  as 
follows  :  1  V«  kopeck  (^U  cent,  U.  S.)  for  each  100  rubles  (§52,  I'.  S.)  of  value,  per  100  versts 
(66  miles). 

I  believe,  gentlemen,  I  have  touched  briefly  upon  the  principal  points  in  the 
report,  and  during  the  discussion  that  will  follow,  there  will  doubtless  occur  many 
questions  relating  to  the  method  of  handling  baggage  in  this  country.  Seeing 
that  the  report  has  taken  the  position  that  this  is  the  most  preferable  method,  in  the 
mind  of  the  writer,  I  presume  the  trend  of  the  discussion  will  be  to  show  either  that 
this  method  is  or  is  not  the  best,  and  many  questions  will  occur  to  you  pertinent  to 
the  subject,  and  I  am  here  to  answer  them  or  to  throw  any  light  upon  the  system  in 
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vogue  that  has  not  already  been  covered  in  Mr.  Daniels*  report.    I  thank  you  tor 
your  attention.  (Applause,) 

The  President.  —  I  will  ask  now  that  the  discussion  begin  and  that  some  gentlemen 
will  rise  to  make  observations  upon  the  papers  that  we  have  heard,  for  this  is  a 
matter  that  is  of  interest  to  all  companies  and  to  all  people,  whether  railway  men 
or  private  travellers,  or  anybody  who  uses  or  knows  about  railways  at  all. 

Sir  Charles  J.  Owens,  London  &  South  Western  Railway,  Great  Britain.  — 
Mr.  Chairman  and  Gentlemen,  the  few  remarks  that  I  shall  venture  to  make  will 
relate  more  particularly  to  the  question  of  baggage,  and  I  would  desire  on  my 
own  behalf,  and  I  am  sure  also  on  behalf  of  the  other  gentlemen  here,  to  thank 
Mr.  Daniels  for  his  able  report  and  the  very  exhaustive  list  of  questions  which  he 
has  addressed  to  the  various  companies  and  the  answers  he  has  secured  from  them. 
But  while  I  would  cordially  thank  Mr.  Daniels  for  his  paper,  I  should  be  very  loath 
to  accept  the  conclusion  that  he  has  arrived  at,  that  the  system  of  baggage  handling 
as  prevailing  in  America  at  the  present  moment,  is  the  best  possible  system.  My  own 
opinion  is  that  it  may  be  a  necessary  system  in  America,  a  system  necessary  in  a 
country  where  cabs  are  either  non-existent,  or  are  charged  for  at  absolutely  exorbi- 
tant rates,  and  also  to  a  great  extent  necessary  in  a  country  where  labor  is  so  expen- 
sive as  it  is  in  America;  but  that  the  system  works  to  the  benefit  of  the  passenger  I 
could  not  for  a  moment  concede.  Having  travelled  in  this  country,  not  only  on  this 
occasion,  but  previously,  over  some  very  considerable  distance,  I  have  been  aston- 
ished to  see  delicate  ladies  carrying  their  own  heavy  grips  into  and  out  of  trains 
without  a  single  hand  to  help  them.  I  dare  not  contemplate  such  a  condition  of 
affairs  in  England  (Applause.)  Then,  Sir,  I  have,  perhaps  too  confidingly,  on 
approaching  a  terminal  station  handed  to  a  man  who  called  himself,  most  impro- 
perly and  inaccurately,  an  "  expressman  "  (laughter),  the  checks  for  my  baggage. 
On  one  occasion,  I  was  very  anxious  to  be  in  evening  dress  within  an  hour  of  my 
arrival.  I  was  assured  by  this  expressman  that  my  luggage  would  be  at  my  hotel 
in  half. an  hour  after  the  arrival  of  the  train,  but  one  hour  went,  two  hours,  three 
hours,  four  hours,  and  at  half-past  eleven,  just  as  I  was  wanting  to  go  to  bed,  one 
piece  out  of  four  pieces  of  baggage  arrived  (laughter),  and  I  had  the  misfortune  of 
being  obliged  to  go  to  bed  without  even  the  use  of  a  tooth-brush.  (Laughter.)  Well, 
now.  Sir,  in  England,  we  have  a  very  powerful  press,  and  the  public  are  very  fond  of 
resorting  to  it,  and  I  am  quite  satisfied  that  if  the  amount  of  inconvenience  which  I 
have  personally  suffered  were  experienced  by  the  British  public,  the  press  would 
take  it  up  to  such  an  extent  that  our  Parliament,  which  is  always  amenable  to  the 
press,  would  inflict  some  very' heavy  disabilities  on  the  railway  companies  who  they 
thought  were  so  treating  their  passengers. 

Perhaps  I  may  just  mention  this,  that  from  my  point  of  view,  looked  at  as  a  matter 
of  principle,  little  can  be  said  for  the  system  which  we  adopt  in  England  as  regards 
our  baggage.     It  is  absolutely  elementary,  but  there  is  a  very  good  expression  used 
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iUithe  United  States,  tbat.we  must  see  bow  thiijgs  ",  pan  out,  "  or,  perhaps,  as  we  put 
it  in  the  English  way,  that  "  the  proof  of  the  pudding  is  in  the  eating."  Now,  I  am 
inclined  to  say  that  the  system  which  enables  a  passenger  to  get  rid  of  his  baggage 
immediately  on  his  arrival  at  the  station,  which  insures  that  it  shall  be  again  inhis 
possession  atthe  end  of  the  journey,  within  at  the  most,  speaking  on 'the  a\-erage, 
five  minutes  after  the  arrival  of  the  train,  generally  within  two  minutes  of  the  arrival 
of  the  train,  and  the  system  which  at  the  same  time  involves  that  the  passenger  gives 
no  care  whatever  to  his  baggage  throughout  the  length  of  the  journey,  has  in  practice 
an, immense  deal  to  reconmiend  it.  For  the  information  of  the  delegates  who  are 
here,  Sir,!  might  say  that  notwithstanding  the  little  check  which  we  exercise  over 
the  .baggage  as  conveyed  in  the  United  Kingdom  of  Great  Britain  and  Ireland,  it  is 
really  astonishiog  how  very. few  are  the  claims  made  upon  us  for  loas  of  baggage. 
(Hear,  bear.)  Roughly  estimating  it,  I  may  say  this,  that  the  introduction  of  any 
system  of  registration  of  baggagedn  Great  Britain  would  involve,  as  its  initial  cost,  at 
leaist. ten  times  the  sum  which  we  at  present  pay  for  lost  baggage.  Under  those 
circumstances.  Sir,  and  considering,  as  I  have  said,  the  great  convenience  to  the 
passenger  which  he  secures  by  our  British  system,  I  am  compelled,  however 
^Ilwilling  to  do  so,  to  differ  from  the  conclusion  arrived  at  by  Mr.  Daniels  in  his 
paper.  (Applause.) 

•Mr.  BriBie,  French  Eastern  Railway.  (In  French.)  —  Gentlemen,  I  should  like  to 
make  a  few  remarks  and  ask  the  representatives  of  American  railways  a  few  questions 
about  the  organization  of  this'baggage  department. 

I  quite  believe  that  the  best  pudding  is  the  one  that  a  man  is  accustomed  to  find 
every  day  on  his  table,  the  one  that  he  eats  most  often.  {Laughtei\)  Obviously 
the  American  system  is  the  one  that  requires  least  initiative  from  the  passenger. 
The  English  system  is  the  one  perhaps  which  demands  most.  Preference  may  be 
accorded  to  one  or  other  of  the  two  systems,  provided  they  work  satisfactorily.  But 
when  the  number  of  articles  to  be  carried  is  large,  the  American  system  must,  it 
seems,  possess  disadvantages.  We  know  something  about  it  from  our  experience 
on  arriving  at  Washington.  I  should,  therefore,  like  to  have  some  additional 
information  as  the  number  of  articles  conveyed  daily  during  the  bu-sy  seasons  at 
some  of  the  large  stations  in  the  United  States.  No  data  on  this  point  appear  in 
Mr.  Daniels'  report.  I  should  like  to  hear  under  what  conditions  the  express 
companies,  which  undertake  transference  of  this  kind,  manage  the  handling  of 
luggage.  What  methods  of  traction  do  they  use?  How  do  they  convey  luggage 
from  the  stations  to  different  parts  of  the  to\^Ti  ?  What  number  of  men  are  employed 
by  one  of  these  companies  in  doing  the  work  it  undertakes? 

Mr.  W.  M.  Skinner,  secreiary-reporler.  —  Before  replying  to  Mr.  Brisse,  I  would 
like  in  passing,  with  your  kind  permission,  to  take  up  briefly  the  three  or  four  points 
brought  out  by  Sir  Charles  Owens.  His  first  point  was  that  in  this  country  he  did 
not, like  to  see  ladies  carrying  baggage  into  the  cars.     In  Mr.  Daniels*  report  it  was 
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Tiot  contemplated  to  take  up  tl«e  Item  of  baggage' that  wajyfwrried'mto  the  coadies 
with  the  passengers,  it  being  presrumed  that  in  this  eountfy,  and  in  most  countries, 
while  the  baggage  is  in  possessiom  of  the  passengerit  is  at  his  own  riik.  Conse- 
quently, the  paper  was  intended  to  treat  only  of  the  baggage  that  -was  carried  at  the 
risk  of  the  company.  The  first  thing  that  occurs  to  a  foreigner  after  arrivimg  in  this 
t50untry,  is  that  he  has  too  manypaokages  broken  up  into  small  lots,  eight,  ten  or 
fifteen  small  lots.  After  he  has  bandied  them  once  on<and  off  ^a  train,  l>e  imatediately 
secures  a  medium  size  trunk,  into  which  he  packs  some  fiTe,  six  or  seven  packages 
and  makes  them  into  one  package.  He  thus  relieves  himself  of  all  further  attention 
on  the  score  of  those  eight  or  ten  packages  by  reducing  them  to  one  and  turning 
them  over  to  the  railroad  company  to  handle  in  its  baggage  car,  and  for  which  he 
receives  a  baggage  check.  Consequently  the  people  in  this  country,  knowing  that 
condition  to  exist,  do  not  have  much  baggage  to  carry  in  and  out  of  cars  or  coaches ; 
they  endeavour  to  put  it  in  one  package  and  send  it  along  in  the  baggage  car  instead 
of  carrying  it  in  the  coach  with  them. 

The  second  point  was  ihe  item  of  delay  in  the  receipt  of  baggage  after  arrival  at 
destination.  The  remarks  of  Sir  Charles  Owens  on  this  point  seemed  to  me  to  be 
hardly  fair  as  comparing  tlie  American  method  with  the  British,  for  in  the  case  of 
baggage  in  England,  the  passenger,  immediately  upon  leaving  the  train,  picks  out 
his  baggage  and  puts  it  on  a  cab  with  him ;  consequently,  he  gets  it  more  quickly  than 
if  he  turns  a  check  over,  as  Sir  Charles  Owens  aptly  puts  it,  "  to  the  misnamed 
express  company  ",  and  waits  for  them  to  dig  it  out  of  eight  or  ten  thousand  other 
pieces  and  deliver  it  at  his  hotel.  He  could  of  course  at  an  increased  expense  hire 
a  cab,  in  this  country,  and  by  turning  his  check  over  to  a  porter  immediately  upon 
arrival  of  the  train,  have  his  baggage  seaired  and  placed  upon  his  cab,  in  which  case 
he  would  have  it  just  as  quickly  as  he  does  in  England. 

The  third  point  was  that  in  general  the  British  system  was  preferable.  In  com- 
piling the  replies  to  these  questions,  it  was  found  that  Great  Britain  was  the  only 
country  of  the  twenty-four  or  twenty-five  interested  in  the  replies  that  failed  to  give 
the  passenger  a  receipt  for  his  baggage  on  local  movements.  It  was  also  found  that 
they  advertise  as  a  special  feature  that  they  will  give  a  receiptior  baggage  when 
it  is  destined  to  a  continental  point.  This  it  seems  to  me  is  rather  an  ailment 
against  their  local  system,  because  they  advertise  as  a  special  feature  that  they  will 
give  you  a  receipt  if  the  baggage  is  going  beyond  their  own  line.  Then  again,  the 
fact  that  some  twenty-four  or  twenty-five  countries  found  it  necessary  to  make 
reports  of  baggage  at  the  starting  point,  to  give  a  receipt  at  the  starting  point,  to 
make  reports  on  trains  and  to  make  reports  of  receipt,  would  seem  to  create  a  pre- 
ponderance of  evidence  that  that  system  was  preferable  to  the  British  system. 

Mr.  Brisse  has  asked  for  some  statistical  information  which  I  am  very  sorry  to  say 
that  I  have  not  with  me,  but  I  can  perhnps  in  a  general  way  reply  to  his  inquiries. 
He  asks  as  to  the  manner  in  which  baggage  is  handled  at  the  large  centers,  such  as 
New  York,  Chicago  and  Philadelphia,  also  the  number  of  pieces  of  baggage,  the  mini- 
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mum  and  maximum  each  day,  the  number  of  trucks  and  the  number  of  men  used 
by  the  express  companies  to  do  the  work.  The  tenninal  of  the  New  York  Central 
at  New  York  is  probably  as  good  an  example  as  can  be  taken  in  connection  with  the 
handling  of  baggage  in  America.  In  normal  conditions,  there  are  employed  for  the 
handling  of  baggage  —  and  it  must  be  understood  that  at  our  large  terminals  the 
baggage  force  is  separate  and  distinct  from  the  express  force,  and  that  the  express 
companies,  who  in  this  country  are  usually  separate  and  distinct  corporations, 
employ  their  own  men  for  the  handling  of  their  own  freight,  as  we  call  it  here,  — 
at  the  Grand  Central  Station  in  New  York,  in  normal  conditions  there  are  employed 
150  men  for  the  handling  of  baggage.  The  amount  of  baggage,  in  number  of 
pieces,  per  month  at  the  Grand  Central  Station,  will  average  during  the  year  from 
150,000  to  200,000  pieces.  That  is  when  things  are  normal.  There  are  certain 
months  of  the  year  when  the  baggage  runs  phenomenally  heavy.  Particularly  is 
this  true  in  the  fall.  When  the  passengers  are  returning  from  the  resorts,  we 
receive  at  the  Grand  Central  Station,  —  this  does  not  take  into  consideration 
any  baggage  that  is  forwarded  out,  —  we  receive  on  the  average,  8,000  to 
10,000  pieces  a  day  for  three  or  four  weeks.  This  baggage  is  immediately  taken 
from  the  train  on  trucks  and  conveyed  into  the  baggage  room,  where  it  is  sorted 
into  piles  according  to  the  terminal  numeral  upon  the  check  which  breaks  it  up 
into  reasonable  sized  piles  so  that  it  can  be  readily  picked  out.  We  probably  have 
at  the  present  time,  at  the  Grand  Central  Station,  150  trucks  used  exclusively  for 
baggage.  Of  course  you  will  understand  that  they  are  not  all  in  motion  at  the  same 
time.  W^hen  baggage  is  presented  for  forwarding  at  our  terminals,  it  is  checked, 
recorded,  and  laid  on  a  truck  on  which  is  marked  the  train  for  which  it  is  eventually 
destined.  As  the  baggage  gradually  accumulates  and  fills  that  truck,  it  is  taken  to 
the  train  and  loaded. 

Mr.  Evelyn  Cecil,  M.  P.,  London  &  South  Western  Railway.  —  Mr  Chairman  and 
Gentlemen,  I  quite  agree  with  what  Mr.  Brisse  said  to  the  effect  that  familiarity  with 
a  system,  and  custom,  do  make  it  largely  popular  with  the  public,  and  1  think  also 
that  the  various  conditions,  which  differ  so  much  in  different  countries,  have  a 
good  deal  to  do  with  the  several  systems  in  vogue  in  the  different  countries.  But  I 
cannot  feel  quite  convinced,  and  I  am  sure  I  speak  probably  for  a  good  many  other 
delegates  present,  that  the  American  system  is  really  the  best.  I  listened  with  great 
attention  to  what  Mr.  Skinner  said  in  reply  to  my  friend  Sir  Charles  Owens,  and  I 
could  not  think  that  even  if,  as  he  claims,  it  is  possible  to  deliver  baggage  just  as 
quickly  in  America  as  in  Europe,  the  advantages  are  all  on  the  American  side. 
Mr.  Skinner  said  that  if  you  engaged  a  cab  and  waited  for  your  luggage  at  the  station 
and  drove  off  with  it,  there  w^as  just  as  quick  delivery  as  was  accomplished  in 
England;  but  you  have,  in  the  first  place,  to  wait  a  great  deal  longer  than  you  do  in 
England;  you  have  in  the  next  place  to  pay,  as  I  understand,  in  this  country, 
25  cents  per  package  for  each  piece  that  is  delivered;  you  have  then  to  hire  a  cab  at 
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an  enormous  expense,  say,  loO  to  2  dollars,  and  you  then  reach  your  destination 
just  as  quickly  as  you  would  in  England  without  having  to  pay  any  of  these  heavy 
extra  charges.  So  that  in  England  you  may  get  quick  delivery  in  any  case;  in 
America  you  only  get  that  quick  delivery  at  increased  cost,  and  the  normal  condi- 
tion in  America  is  that  you  have  to  wait  two  or  three  or  four  hours  for  your  baggage. 

Then  he  says  that  the  British  system  is  somewhat  self-condemned,  because  it  has 
to  advertise  that  passengers  should  ask  for  receipts  if  they  desire  them.  I  think  the 
answer  to  that  is  that  passengers  do  not  ask  for  receipts,  and  therefore  obviously  do 
not  require  them.  If  they  did  need  them,  it  is  open  to  them  to  ask  for  them,  but 
the  fact  that  they  do  not,  shows  that  the  system  is  a  popular  one,  and  meets  with 
general  approval. 

One  or  two  bugbears  were  raised  as  to  the  losses  produced  by  the  British  system, 
which  are  in  fact,  as  Sir  Charles  Owens  pointed  out,  so  exceedingly  small  that  any 
different  system  would  be,  owing  to  the  increased  staff  required  by  the  companies, 
much  more  costly  to  maintain;  and  as  to  otd  marks  causing  luggage  to  go  astray, 
this  misfortune  practically  never  happens,  because  if  the  baggage  is  travelling  on  the 
same  railway  company's  system,  care  is  almost  invariably  taken  to  obliterate  the  old 
label  by  placing  another  on  the  top  of  it,  and  if  the  baggage  is  travelling  on  another 
system,  it  is  obvious  that  the  old  label  does  not  interfere  at  all. 

I  should  like  incidentally  to  observe,  if  I  may,  that  the  American  system  seems  to 
produce  a  great  deal  of  rough  handling  of  baggage,  a  good  deal  rougher  than  occurs 
in  Europe.  Boxes  have  been  seriously  damaged  in  America.  To  record  my  own 
experience,  I  brought  with  me  a  strong  leathern  portmanteau,  and  it  was  so  knocked 
about  within  the  first  week  that  I  was  here,  that  I  was  obliged  to  buy  an  American 
trunk.  Now,  that  is  no  doubt  very  profitable  to  the  American  trunk  makers,  but  I 
do  not  think  it  is  altogether  creditable  to  the  system  of  baggage  transfer.  {Laughter,) 

And,  lastly,  I  want  just  to  call  attention,  for  I  do  not  think  sufficient  emphasis 
has  been  laid  upon  it,  to  a  point  which  certainly  deserves  more  special  notice.  It  is 
what  Mr.  Skinner  has  said  about  the  Russian  law.  The  Russian  law  apparently 
limits  the  liability  of  raihtays,  provided  no  value  is  declared  on  the  baggage,  to 
certain  moderate  sums  regulated  according  to  the  class  of  ticket  taken  by  the  pas- 
senger. That  is  a  very  good  law,  and  if  it  existed  in  no  other  country,  I  think  it 
would  be  right  that  this  section  at  any  rate  should  record  by  speech  or  resolution 
its  approval  of  that  limitation  of  liability  of  railway  companies  to  a  certain  sum 
unless  a  higher  value  is  specially  declared.  I  wish  it  existed  in  England,  and  I  dare 
say  that  other  delegates  here  would  approve  of  its  introduction  on  the  continent  of 
Europe. 

Even  if  we  do  not  quite  convince  each  other  about  our  respective  methods  of 
carrying  luggage,  I  believe  agreement  upon  this  matter  would  be  of  practical  value, 
and  I  hope  that  nothing  I  have  said  will  convey  the  impression  that  I  do  not 
recognize  that  different  customs  and  conditionsmay  alter  circumstances  in  different 
countries. 
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.Mr.  3ri88e.  (In  French,) —  In  view  of  the  criticisms  advanced  against  the  Amerioan 
system  by  some  of  the  English  delegates,  it  will  unquestionably  be  well  to  define 
how  this  subject  of  conveying  luggage  appears  so  £ar  as  it  concerns  railways. 

Some  of  the  criticisms,  and  especially  those  which  have  been  raised  by»Mr.  Evelyn 
Cecil,  bear  upon  two  points  :  the  first  concerns  the  conditions  of  carrying  out 
the  service,  i,  e.,  the  conditions  under  which  luggage  is  haadled  on  American 
railways. 

This  criticism  does  not  imply  that  the  system  is  good  or  bad  in  itself. 

Sir  Charles  Owens  has  brought  forward  another  criticism.  This  concerns  the 
time  within  which  luggage  after  arriving  is  delivered  to  passengers  in  America. 
Here  a  distinction  may  be  drawn.  As  regards  the  conveyance  of  articles,  a  railway's 
share  is  usually  over  when  luggage  has  been  given  up  to  the  passenger.  In  Ame- 
rica, a  passenger  does  not  trouble  to  get  his  luggage  himself^  he  holds  the  check 
that  the  railway  has  given  him  and  he  can  use  this  check  as  he  chooses.  He  can 
have  his  luggage  sent  on  as  soon  as  ever  the  train  gets  in.  But  the  conditions  of 
life  are  such  in  America  that  the  railway  cannot  undertake  this.  A  passenger  has 
therefore,  as  a  rule,  to  apply  to  a  special  agency  known  as  an  Express  Company. 

The  criticisms  levelled  by  Sir  Charles  Owens  and  Mr.  Cecil  apply  rather  fo  the 
express  companies  than  to  the  railways. 

I  think  from  the  American  system  there  are  good  points  to  choose  for  the  railways 
on  the  continent  of  Europe  who  register  luggage,  especially  considering  the  speed 
with  which  registration  is  accomplished  here.  England  is  the  only  country  in 
Europe  where  a  passenger  is  relieved  from  the  obligation  to  register  his  luggage. 
Everywhere  else  in  Europe,  luggage  is  registered,  and  the  railway  is  responsible  for 
it  until,  on  giving  up  his  slip  of  paper,  the  passenger  gets  back  his  articles  and 
resumes  the  responsibility  for  them. 

(ienerally  speaking,  when  a  single  problem  has  been  solved  in  different  ways, 
there  are  chances  that  each  of  the  solutions  possesses  certain  excellent  sides.  The 
best  proof  of  this  is  that  we  French  have  considered  a  solution,  as  regards  the 
conveyance  of  luggage  between  the  stations  and  passengers'  homes  —  a  solution  that 
is  something  near  the  American  plan.  For  almost  all  the  French  companies  have 
encouraged  the  institution  at  their  terminal  stations  in  Paris  of  carrj'ing  agencies 
which,  though  certainly  not  as  large  as  the  American  agencies,  are  already  rendering 
valuable  services  to  passengers. 

With  us  there  are  two  kinds  of  passengers,  which  is  perhaps  not  the  case  in 
America.  There  is  the  passenger  who  only  carries  with  him  the  luggage  he  needs 
for  a  very  few  days  and  who  would  find  the  English  custom  perfectly  satisfactory. 

I  do  not  think,  on  the  other  hand,  that  the  English  custom  is  very  convenient  and 
very  advantageous  even  for  tourists,  and  particularly  for  English  tourists  who  travel 
on  the  continent  and  are  going  to  Switzerland  and  Italy  with  a  considerable  number 
of  pieces  of  luggage  holding  what  they  will  require  to  meet  the  necessities  of  life  for 
several  months.     It  is  obvious  that  in  proportion  as  the  number  and  weight  of 


Digitized  by 


Google 


—  iimi  — 

hm^geiikcreaB^y  the  need  far. registration. becotmes. felt,  and  ttiis: is  being  felt  even 
in  England. 

On  the  other, hand,  in  the  conveyance  of  l^iggftge  from  the  passenger's  house  or 
hotel  to.  the  station,  or^ioe  versa,  tlie  difficulties  increase  in  proportion  to  the  weight 
or  number  of  pieces  of  luggage.  A  passenger  will  thereforaat  times  bejglad  to  be 
able  to  get  an  agency  to  undertake  the  carriage  of  his  luggage. 

Asregards  the  railways  themselves,  we  are  reminded  by  Mr.  Daniels  that  the 
American  system  does  not  differ  greatly  from  the  methods  followed  in  Europe;  at 
times  it  even  offers  some  advantages  from  the  standpoint  of  simplicity.  As  regards 
this,  I  shall  however  have  a  few  reservations  to  make  that  have  here  already  been 
expounded  by  other  continental  railways. 

As  regards  the  conveyance  of  luggage  between  the  station  and  the  passenger's 
home,  the  American  system  can  afford  to  ignore  some  criticism  which,  whether 
justifiable  or  unjustifiable,  ought  to  be  levelled  at  the  special  carrying  agencies  rather 
than  against  the  railways  and  the  methods  adopted  by  the  latter. 

As  for  the  handling  of  baggage,  I  must  say  it  does  not  seem  to  me  quite  satisfac- 
tory in  America  and  certain  precautions  are  conspicuous  by  their  absence.  Obviously 
if  we  had  to  entrust  into  the  hands  of  American  railway  employees  light  trunks, 
card-board  hat-boxes,  pots  of  flowers,  bicycles,  in  short,  all  those  delicate  and  fragile 
things  that  are  constantly  being  carried  on  our  lines,  the  disadvantages  of  this 
speedy  and  brutally  careless  handling  would  be  keenly  felt. 

Let  me  ask  one  more  question  with  reference  to  the  actual  conduct  of  the  luggage 
service  on  American  railways. 

I  know  that  some  directorates  of  the  German  railways,  seduced  by  the  advantages 
of  the  American  system  of  registration,  introduced  il,,but  that  after  sufficiently  long 
experience  they  were  led  to  modify  it,  to  such  an  extent  that  it  has  become  practi- 
cally analogous  to  the  system  long  practised  by  the  French  railways.  The  operation 
of  carrying  luggage  has  indeed  one  delicate  feature,  namely  tlie  organization  of  the 
work  falling  upon  the  employee  whom  we  call  the  fourgomiier  (guard)  in  France. 

In  the  United  States,  registered  baggage  has  a  ticket  and  is  entered  in  a  book  from 
which  is  extracted  a  list  that  is  handed  to  the  baggage-master  when  the  train  starts. 
From  this  sheet,  the  baggage-master  has  to  extract  and  draw  up,  during  the  run,  a 
certain  number  of  other  lists;  either  for  the  most  important  places,  or  for  junction 
points  touched  by  the  train. 

This  portion  of  the  work  that  falls  upon  the  baggege-master  involves  difficulties 
which  appear  to  me  not  necessarily  encountered,  either  under  the  French  system, 
or  in  the  system  adopted  by  Germany.  With  the  French  baggage  system,  three 
coupons  have  to  be  prepared;  a  leaflet  or  receipt  is  given  to  the  passenger;  it  bears 
a  registration  numbor.  The  duplicate  of  this  leaflet  which  becomes  what  we  may 
call  the  luggage  way-bill,  is  handed  to  the  guard  with  the  luggage.  With  the  help 
of  these  separate  pieces  of  paper,  he  prepares  the  various  lists  which  have  to  be 
given  up  at  junction  points. 
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In  many  cases,  the  duty  on  the  trains  is  reduced  to  simply  classifying  the  luggage 
way-bills  according  to  stations. 

I  should  like  to  learn  from  American  delegates  whether  the  method  followed  here 
gives  complete  satisfaction  as  regards  the  carrying  out  of  the  work  on  the  trains, 
whether  no  difficulties  arise  and  whether  it  does  not  cause  mistakes. 

The  President.  —  Will  Mr.  Skinner  just  answer  the  question  or  two  that  Mr.  Brisse 
asks  now,  briefly. 

Mr.  W.  M.  Skinner,  secretary-rqwrter.  —  Mr.  Chairman,  the  question  was  the 
method  of  billing  the  baggage,  and  the  amount  of  work  involved.  This  work  is 
much  simpler  in  the  actual  working  out  of  the  details  than  in  the  reading  of  them. 
There  is  a  single  sheet  used,  on  which  the  check  numbers  are  entered  as  the  baggage 
is  checked,  and  the  description  of  the  baggage  and  destination.  A  copy  of  that  is 
handed  to  what  is  called  the  train-baggageman.  He,  in  turn,  makes  a  similar 
report  of  all  baggage  handled  by  him.  He  has  nothing  else  to  do  but  handle 
baggage,  and  make  up  reports,  one  going  to  the  connecting  road.  He  makes  reports 
relieving  him  from  further  responsibility  for  the  baggage,  and  turns  the  baggage 
over  to  the  connecting  road.  All  of  that  work  is  more  quickly  done  than  you 
might  think.     By  the  telling  of  it,  it  may  seem  a  cumbersome  proposition. 

Mr.  E.  L.  Davis,  North  Eastern  Railway,  Great  Britain.  —  Mr.  Chairman,  there 
are  two  or  three  points  in  connection  with  the  conveyance  of  baggage  which  strike 
the  stranger  very  quickly.  We  are  told,  when  we  compare  American  methods  with 
those  which  prevail  in  England,  that  the  faults  are  not  with  the  railway  companies, 
but  with  the  express  companies.  It  seems  to  me  that  you  cannot  cut  one  adrift  from 
the  other  in  considering  the  question  of  baggage,  because  we  cannot  get  our  baggage 
through  without  the  assistance  of  the  express  companies.  We  can  go  from  station  to 
station,  but  if  we  want  it  delivered,  we  have  no  alternative  but  to  take  one  of  those 
expensive  cabs  or  use  one  of  those  express  companies  in  America.  In  England, 
although  we  have  not  those  so  called  express  companies,  we  have  an  arrangement 
by  which  passengers,  if  they  wish,  can  send  their  luggage  in  advance,  and  not  only 
that,  but  at  the  principal  points,  where  the  railway  companies  have  their  own  arran- 
gement for  collecting  and  delivering,  they  can  have  their  baggage  collected  from 
their  houses,  brought  to  the  station,  conveyed  by  train  and  delivered  at  the  address 
where  they  require  it,  for  an  inclusive  charge  of  1  shilling  per  package,  which  com- 
pares very  favourably  with  the  charge  of  75  cents  or  3  shillings  which  you  have  to 
pay  express  companies  if  you  want  similar  service  here  in  America. 

It  seems  to  me  that  a  point  particularly  referred  to  by  Sir  Charles  Owens,  has  not 
been  taken  up  by  our  American  friends,  and  that  is  the  trouble  which  passengers  are 
put  to  here  of  carrying  their  baggage  to  the  compartment  in  which  they  are  travelling. 
You  have  no  choice.  If  you  have  more  than  a  gripsack,  you  must  either  have  your 
baggage  registered  by  the  railroad  company,  or  express  company ;  but  with  a  grip- 
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sack,  and  they  are  fairly  heavy,  there  is  here  no  one  to  help  to  carry  these  things  for 
ladies.  Have  the  American  railway  companies  porters  at  their  stations  to  help  in 
carrying  hand  baggage  to  the  trains?    We  do  not  see,  so  far,  anything  of  the  kind. 

Then  there  is  another  thing  I  should  like  to  mention  or  to  ask  a  question  about. 
Something  has  been  said  about  the  railway  companies  in  England  not  giving  receipts 
for  baggage.  Well,  something  has  also  been  said  about  the  very  elaborate  statistics 
taken  in  America  to  tell  you  how  many  thousand  or  million  packages  of  luggage 
have  been  conveyed  in  a  year.  I  do  not  see  the  use  of  that  to  a  passenger.  It  may 
be  of  use  to  the  railroad  company-,  but  to  the  man  in  the  hotel  anxiously  waiting  for 
an  opportunity  to  put  on  a  clean  shirt,  it  is  no  satisfaction  to  him  that  he  can  produce 
his  baggage  check  or  that  he  can  reflect  on  the  fact  that  in  America  about  80  million 
packages  of  luggage  were  carried  in  the  past  twelve  months.  That  does  not  help 
him  out  of  his  difficulty.  In  England,  if  we  do  not  give  you  a  receipt,  we  give  you 
something  more  useful :  we  give  you  the  baggage.  (Laughter.) 

It  seems  to  me  that  there  are  two  kinds  of  knowledge,  I  believe  we  who  have 
come  from  England  should  learn  all  we  can,  and  see  all  we  can,  and  remember,  to 
the  best  of  our  ability  what  we  do  see  and  hear.  But  there  are  two  kinds  of  know- 
ledge. They  are  both,  I  think,  exceedingly  useful  :  one  is  the  knowledge  of  what  to 
do,  and  Ihe  other  is  the  knowledge  of  what  not  to  do.  It  does  seem  to  me  that  it 
will  be  hopeless  to  expect  anything  in  the  shape  of  absolute  uniformity  where  the 
conditions  governing  the  business  differ  so  widely  as  they  do  in  England  from  those 
which  prevail  on  the  continent  and  in  America.  In  this  country  of  magnificent 
distances,  perhaps  it  may  be  necessary  to  do  something  in  the  way  American  railway 
companies  or  express  companies  do;  but  in  our  shorter  distance  country,  we  so 
far  have  found  that  the  public  appear  to  be  very  well  pleased  with  the  arrangements 
made  to  enable  them  to  get  their  luggage  comfortably,  safely  and  expediliously. 
(Applause.) 

Honorable  A.  H.  Holland-Hibbert,  London  &  North  Western  Railway.  —  Mr.  Chair- 
man, I  do  not  think  this  sitting  is  merely  to  compare  English  with  American 
methods  in  dealing  with  baggage,  and  I  would  ask.  Sir,  that  you  rule  that  this 
subject  has  been  sufficiently  debated.  We  are  not  in  the  least  likely  to  convince  each 
other  if  we  sit  here  debating  the  subject  until  the  blast  of  the  last  Irump.  I  would 
suggest  that  we  leave  the  mere  comparison  of  American  and  English  methods  and 
take  up  another  point.  I  do  not  know  whether  you  have  any  resolutions,  but 
1  would  suggest  that  they  might  be  taken  up  at  this  time.  If  we  were  to  pass  a 
resolution  here  asking  that  the  liabilities  of  railway  companies  for  loss  of  baggage 
should  be  limited,  that  would  be  a  reasonable  resolution  upon  which  we  should  all 
agree,  but  on  the  matter  of  the  method  of  dealing  with  baggage  we  shall  never  agree. 

Mr.  W.  W.  Hoy,  Central  South  Africa  Government  Railways.  —  Before  you  rule, 
Sir,  I  would  like  to  observe  that  the  discussion  seems  to  me  to  have  followed  the 
heads  placed  upon  the  agenda,  and  that  while  we  may  not  convince  each  other,  we 
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may  to  a  very  lai^e  extent  influence  each  other.  I  think  that' the  last  speaker  has 
recorded  some  excellent  points  in  Ms  favour,  and  I  'sun  only  waiting  for  some  of  our 
American  friends  to  bring  out  some  further  points  in  their  defeDce;  I  am  pledged 
neither  to  the  one  system  nor  to  the  other,  because  we  foll6w  neither  in  South 
Africa.  I  would  like  to  have  an  opportunity  of  offering  a  general  comment  on  the 
various  opinions  put  forth,  either  on  one  side  or  the  other:  So  that,  Mr.  Chairman, 
I  hope  as  a  foreign  delegate-,  orat  least  as  a  delegate  coming  from  a  distance,  that 
the  discussion  may  be  continued,  [suppose  there  may  be  others  who  share  my 
views,  and  1  really  think'  that'so  long  as  the  discussion  is  keptwithin  what  is  in  the 
agenda,  the  discussion  should  proceed. 

The  President.  —  I  do  not  think  that  the  time  has  come  to  close  this  discussion. 
It  has  been  very  interesting,  and  I  think  it  has  brought  out  a  great  many  of  th® 
points  in  which  English  and  American  systems  vary.  We  have  also  heard  some 
particulars  of  continental  systems.  I  think  it  would  be  useful  if  we  heard  something 
further  about  that,  because  American  systems  are  not  the  only  ones  of  interest  here. 
We  have  had  from  some  of  the  nocmbers  very  interesting  information  on  the  French 
system.  Perhaps  we  could  hear  from  others  further  information  about  that. 
(Applause.) 

Mr.  Ch.  Jenny,  representing  the  Southern  Railway  of  Austria,  would  like  to  say  a 
few  words  on  this  matter. 

Mt;  Jdiuiy,  Southern  Railway  of  Austria.  (In  French  and  in  English.)  —  As  super- 
intendent of  the  Brenner  section  on  the  Austrian  Southern  Railway,  1  only  possess 
experience  of  the  American  system  on  my  line.  We  have  several  steep  gradients, 
among  others  the  Semmering  section  which  is  the  shortest  road  between  Trieste, 
our  most  important  port,  and  Vienna  on  the  one  hand,  and  between  Berlin  and  Rome 
via  the  Brenner  on  the  other. 

There  is  no  longer  any  free  allowance  of  luggage  in  Austria  and  consequently  the 
registration  system  alone  has  had  to  be  applied  there. 

This  system  works  very  nicely  with  us,  and  it  is  of  course  much  preferred  by  the 
travellers,  because  they  are  sure  they  will  get  their  luggage,  or  in  the  rare  case 
of  the  luggage  being  lost  they  have  a  right  to  a  fixed  sum  per  pound  or  kilogram 
lost. 

As  regards  the  English  system,  I  may  add  that  1  have  myself  tra\^lled  a  great  deal 
—  I  was  for  months  and  months  travelling  in  Engl  and,. being  sent  there,  and  to 
America,  by  my  government,  in  the  beginning  of  my  studies^  for  two  years.  I  found 
that  the  English  system  was  preferable  to  any  used  elsewhere.  (Appiause,)  I  had 
not  the  slightest  difficulty  in  England  in  goingover  the  West  Coast  Line  or  the  East 
Coast  Line,  or  going  by  the  ^  Flying  Dutchman,  "  in  getting  my  luggage.  I  only 
took  care  that  my  luggage  was  put  in  the  same  caiTiage  I  was  in^,  because  I  found 
that  each  carriage  had  in  the  middle  a  compartment  where  your  luggage  could  be 
taken  in,  and  it  was  not  possible  for  another  traveller  to  get  your  luggage,  especially 


Digitized  by 


Google 


—   1811   — 

in  express  trains,  where  you  are  traveUing  hours  and  hours  without  stopping. 
{Applause.) 

at.  ToBhi&EinoshiU,  Ministry  of  Communications,  Japan.  —  Mt*.  Chairman,  one 
of  the  most  important  questions  in  discussion  is  the  transfer  system  in  America  and 
in  England.  I  will  relate  what  we  are  doing  in  Japan  in  the  matter.  In  Japan,  we 
started  our  railroad  according  to  the  English  method,  but  after  several  years  we 
adopted  some  of  the  Amerixian  methods,  and  I  think  I  can  say  that  what  we  use  now 
might  be  explained  as  a  mixed  system,  being  partly  American  and  partly  English. 
The  system  of  baggage  handling  in  Japan  is  no  exception  to  this  general  principle, 
that  is  the  adoption  of  what  we  think  the  best  from  other  countries.  In  the  stations 
we  have  many  carriages  or  jiwfikishas  and  those  carriages  work  under  the  special 
supervision  of  the  railway  authority.  Passengers  who  want  to  take  their  baggage 
from  any  station  to  their  destination  can  hire  these  carriages  very  cheaply  :  5  cents 
for  2  miles  or  10  cents  for  3  or  i  miles.  Whilst  passengers  enjoy  the  benefit  of 
carrying  their  baggage  with  them  hyjinrikishas,  which  are  worked  almost  on  the 
same  principle  as  the  English  ca-b  system,  at  the  same  time  the  "  transfer  "  system 
which  is  mostly  used  in  America  is  also  in  operation.  The  only  difference  between 
our  transfer  system  and  the  American  practice  is,  that  the  Japanese  railroads  conduct 
the  business  themselves  —  not  entrusting  it  to  other  persons  as  in  America.  We 
started  this  transfer  business  by  the  railroads  two  or  three  years  ago,  and,  so  far;, 
the  results  are  very  satisfactory  to  both  railroads  and  public.  We  carry  this  baggage 
for  2  Vf  cents  per  piece,  and  the  railroads  do  not  lose  any  money  in  the  business. 
Of  course  every  thing  is  very  cheap  in  Japan  and  I  do  not  boast  of  these  cheap  rates. 
Still,  surrounding  conditions  being  taken  into  consideration,  I  believe  that  it  can 
not  be  said  that  either  the  jinrikisha  fare  from  railway  stations  or  the  transfer  charge 
for  baggage  is  too  high. 

A  certain  number  of  railroad  passengers  like  to  carry  their  luggage  with  them; 
but  at  the  same  time  others  do  not  care  to  carry  baggage,  preferring  to  walk  or  take 
street  railway  to  their  destination.  In  the  latter  case,  they  leave  baggage  in  the  station 
and  the  railroad  transfer  department  would  carry  this  baggage  to  its  ultimate  desti- 
nation at  slight  expense  within  two  or  three  hours  after  the  arrival  of  the  passengers. 
According  to  my  experience,  in  Japan  about  one  half  to  three  quarters  of  the  passen- 
gers prefer  to  carry  their  baggage  with  them  and  one  quarter  to  one  half  like  to  send 
it  to  their  destination  by  this  cheap  transfer  system. 

If  I  am  not  mistaken,  I  would  like  to  say  that  the  English  and  the  American 
systems  go  to  either  extreme  —  I  crave  the  pardon  of  my  American  and  English 
colleagues  for  using  such  impolite  terms  —  as  it  is  apparent  that  a  certain  portion 
of  railway  passengers  in  all  countries  would  like  to  take  their  own  baggage  with 
them  and  others  would  not  care  to  do  so.  The  principle  of  passenger  business,  as 
in  many  other  businesses,  is  to  investigate  just  what  the  public  would  like  and  then 
let  them  do  what  they  would  like  to  do.     In  Japan,  I  believe  we  are  doing  so.     We 
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have  many  carriages  or  jinrikishas  at  the  station  and  people  can  take  these  carriages 
and  carry  their  baggage  with  them.  Or,  if  they  do  not  care  to  hire  the  carriage,  they 
can  send  the  baggage  by  the  cheap  transfer  system.  But  if  we  go  to  the  one  extreme 
and  use  only  —  or  more  exactly  speaking  mainly  —  the  transfer  system,  as  is  done 
in  America,  I  believe  we  should  experience  the  inconvenience  of  not  finding  any 
carriages  in  small  stations,  and  also  of  the  high  fares  in  larger  stations  where 
carriages  are  found.  On  the  other  hand,  if  we  were  to  do  away  with  the  transfer 
system,  as  in  England,  passengers,  who  did  not  care  to  hire  carriages,  would  find 
some  inconvenience  in  getting  their  baggage  to  their  destination  at  small  expense. 
(Applause.) 

Mr.  StiflDBon,  Hungarian  State  Railways.  —  Mr.  Chairman,  in  Hungary  we  have 
perhaps  the  cheapest  passenger  fares  —  the  well  known  Zonentariff  —  in  Europe. 
I  am  compelled  to  speak  about  the  passenger  tariff  too,  because  in  my  opinion,  the 
fact  of  the  free  allowance  of  luggage  or  the  highness  of  the  tariff  for  carrying  lug- 
gage on  a  certain  railroad,  is  always  a  compromise  with  the  passenger  fares  in  force. 
It  is  an  ascertained  fact,  that  everywhere  where  cheap  passenger  rates  are  in  force, 
free  allowance  of  luggage  does  not  exist. 

As  I  told  you,  we  have  the  Zonentariff.  Us  peculiarity  is  that  the  fares  are  not 
exactly  in  proportion  wilh  the  distances.  On  the  Hungarian  State  Railways,  fares 
are  the  same  for  400  or  7o0  kilometres  (248* o  or  466  miles)  (»r  more.  Surely  for 
long-distance  travellers,  that  is  a  great  advantage.  But  as  railroads  must  live  too, 
with  the  introduction  of  the  Zonentariff,  free  allowance  of  luggage  ceased. 

The  rates  for  luggage  are  also  composed  after  the  Zonentariff  system.  We  have 
six  zones  wilh  a  minimum  of  weight  of  50  kilograms  (HO  lb.)  and  0*50  kronen 
--  $0-10(Sd.). 

The  manipulation  of  the  luggage  is  the  same  as  in  Germany.  When  delivering 
his  luggage,  the  passenger  receives  an  acknowledgment,  which  on  the  one  hand, 
serves  as  receipt  for  the  amount  paid,  on  the  other,  when  arrived  at  his  station  of 
destination,  he  claims  by  production  of  the  acknowledgment  the  return  of  his 
luggage.  Generally  passengers  get  their  luggage  a  few  minutes  after  the  arrival  of 
the  train.  In  England  passengers  have  the  same  comfort  and  from  this  point  of 
view,  I  think  the  English  system  is  preferable  to  the  American.  It  is  worth  noting 
that  in  Budapest  we  have  an  enterprise  patronised  by  the  railway,  which  enables 
passengers  to  have  their  luggage  conveyed  to  their  hotel  or  lodging.  Though  charges 
arc  very  moderate  (12  to  23  cents  for  50  kilograms  [5'8d.  to  is.  for  HO  lb.])  this 
enterprise  is  not  used  very  much,  because  every  man  preferes  to  carry  his  luggage 
himself,  because  on  the  stations  good  and  cheap  carriages  are  always  at  disposi- 
tion, which  is  much  more  agreeable  and  comfortable. 

As  we  see,  handling  of  luggage  is  so  closely  allied  with  the  institutions  and 
customs  of  the  different  countries,  that  it  is  not  possible  to  make  a  resolution  which 
will  be  suitable  for  all  and  I  think  every  country  will  have  the  manner  of  handling 
the  luggage  it  finds  the  best.  {Applause.) 
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Mr.  A.  W.  Sullivan,  Missouri  Pacific  Railway.  —  Mr.  Chairman,  I  do  not  wish  id 
go  into  a  technical  discussion  of  this  question.  I  just  want  to  say  a  few  words  in  a 
general  way  on  the  American  system  of  handling  baggage,  to  correct  possibly  some 
misapprehension  that  may  exist  in  the  minds  of  visitors. 

The  American  railways  have  sought  to  simplify  as  much  as  possible  the  arrange- 
ments for  the  care  of  baggage  upon  long  journeys,  and  to  relieve  the  traveller  of 
the  necessity  for  giving  his  personal  attention  to  the  handling  of  his  baggage  after  it 
has  been  delivered  to  the  railway  company.  The  methods  by  which  these  arrange- 
ments are  carried  into  effect  from  the  point  of  view  of  one  who  has  been  asso- 
ciated with  it  for  many  years,  are  very  simple,  in  all  the  larger  cities  of  this 
country,  it  is  possible  through  the  systems  of  local  express  service,  to  get  trans- 
portation from  the  hotel  or  residence  to  the  station  for  heavy  baggage  in  a  very  short 
time  —  only  an  hour's  preparation  being  necessary.  It  is  possible,  upon  arriving 
at  the  station,  to  have  baggage  checked  for  any  place  in  the  country  up  to  within  ten 
minutes  of  the  departing  time  of  the  train.  For  all  journeys,  short  or  long,  only 
one  transaction  is  necessary,  and  that  is  the  checking  of  the  baggage  at  the  initial 
station.  When  the  checking  is  once  done,  all  thought  of  the  baggage  can  be  dis- 
missed from  one's  mind  until  arriving  at  destination.  The  customary  way  of 
travelling  in  this  country  is  somewhat  different  from  that  in  other  places.  On 
journeys  to  be  made  with  heavy  luggage  the  trunks  are  sent  independently  of  the 
small  satchels  which  are  carried  by  hand.  The  custom  here  is  for  travellers  to  take 
into  the  cars  only  such  a  small  amount  of  baggage  as  is  necessary  for  their  personal 
requirements  during  the  actual  time  of  travelling.  The  effect  of  this  system  is  that 
American  railway  cars  are  kept  free  from  the  accumulation  of  baggage  which  is  to 
be  found  under  other  systems  of  handling  baggage,  and  no  matter  what  the  length 
of  the  journey,  you  will  always  find  among  American  travellers  that  they  do  not 
carry  into  the  car  more  than  one  or  two  small  sized  satchels.  The  effect  of  that 
method  upon  the  public  comfort  is  one  that  should  not  be  underestimated  as  it  will 
be  found,  1  think,  taken  on  the  whole,  that  the  interior  of  our  coaches,  parlor  and 
sleeping  cars,  are  comparatively  free  of  baggage,  leaving  more  room  for  the  personal 
convenience  and  comfort  of  passengers  than  under  any  other  system.  What  use 
there  can  be  of  having  the  heavy  baggage  upon  the  same  train  or  in  the  same  car 
in  which  the  traveller  personally  goes  is  something  completely  beyond  the  compre- 
hension of  the  American  mind.  There  is  absolutely  no  necessity  for  it  from  an 
American  point  of  view.  All  that  the  traveller  wants  to  know  is  that  his  baggage 
will  be  taken  care  of,  and  that  being  guaranteed  to  him  by  the  holding  of  his  check, 
and  by  the  general  efficiency  of  the  system,  lie  needs  to  concern  himself  no  more 
about  it.  Upon  arriving  at  the  destination,  it  is  customary  upon  all  of  the  lines  for 
local  express  companies  in  the  principal  cities  to  send  their  agents  out  to  meet  the 
trains,  and  by  taking  up  the  checks  of  those  passengers  who  have  baggage  to  be 
delivered  at  a  hotel  or  residence,  relieve  them  entirely  of  the  burden  of  any  care  or 
thought  of  looking  after  their  baggage,    it  is  just  as  easy  to  travel  from  New  York  to 
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San  Francisco,  so  far  as  the  care  of  baggage  is  concerned,  as  it  is  to  make  a  journey 
of  50  miles.  It  makes  no  concern  to  the  traveller,  how  many  diflfcrent  railroads  he 
may  pass  over  in  the  course  of  his  journey;  the  function  to  him  of  disposing  of  his 
baggage  is  one  of  the  greatest  simplicity.  Now  1  wish  to  submit  that  in  a  country  of 
large  distances  and  long  journeys,  the  simplicity  of  the  arrangements  to  the  trav- 
eller, the  responsibility  and  general  eflSciency  of  the  baggage  system,  is  of  far  more 
consequence  to  the  travelling  public  than  any  detail  relating  to  how  the  baggage  is 
transported  between  the  railway  station  and  the  hotel.  Moreover,  a  system  which 
has  gained  the  confidence  of  the  public  to  such  an  extent  that  it  is  willing  to  entrust 
the  care  of  baggage  wholly  to  the  railways  must  be  an  efficient  system,  in  view  of 
the  vast  quantity  transported  annually  and  the  trifling  amount  lost.  When  to  this 
efficiency  is  added  the  personal  comfort  resulting  from  the  absence  of  great  quan- 
tities of  parcels,  packages  and  large  satchels  from  the  space  used  by  the  passengers, 
there  is  the  more  reason  for  satisfaction  with  the  system.  (Applause.) 

Mr.  W.  W.  Hoy.  —  Mr.  Chairman  and  gentlemen,  there  are  two  subjects  before 
the  meeting;  I  shall  confine  my  remarks  entirely  to  the  subject  of  baggage.  I  am 
not  surprised  that  the  whole  of  the  members  have  devoted  a  good  deal  of  their 
consideration  to  that  subject,  and  if  an  opportunity  oflfers  at  a  later  stage,  and  with 
the  permission  of  the  meeting,  I  should  also  like  to  criticize  some  of  the  so-called 
"  express  "  systems,  but  I  do  not  wish  to  occupy  too  much  time  and  will  therefore 
confine  my  remarks  to  the  subject  of  baggage. 

I  think  the  subject  has  been  clearly  delineated  into  two  points,  one,  the  details 
connected  with  the  handling  and  transport  of  baggage,  and  the  other,  the  principle 
which  governs  the  acceptance  and  transport  of  baggage.  The  points  detailed  in 
regard  to  the  various  systems  have  been  set  out  very  clearly  and  the  speakers  have 
convinced  me  that  the  best  system  to  adopt  in  any  country  is  the  system  which  can 
best  be  adapted  to  that  country.  We  have  discussed  freely  the  principles  followed 
in  the  United  Kingdom,  in  America  generally  and  on  the  continent.  The  result 
whi<;h  has  been  conveyed  to  my  mind  is  that  there  are  objections  probably  to  all 
systems.  1  am  sure  it  would  be  a  very  happy  position  for  railway  managers  to  be  in 
if  they  could  eliminate  all  objections,  ideal  working  I  think  is  something  which  is 
very  difficult  to  attain  and  which  few  of  us  expect  to  realize. 

With  regard  to  the  English  system,  with  which  in  South  Africa  I  think  we  are 
fairly  familiar,  there  are  probably  two  objections.  The  principal  one  is  the  possi- 
bility of  the  passenger  obtaining  possession  of  his  baggage  and  afterwards  denying 
fts  receipt.  That  phase  presented  itself  to  the  administration  in  South  Africa  and  of 
course  we  realize  that  in  England  you  are  comparatively  a  small  area  carrying  a  very 
dense  population,  your  journeys  are  short,  and  1  think  they  can  be  said  to  be 
"  express  ".  In  South  Africa,  as  possibly  in  America,  we  have  to  handle  baggage 
for  long  distances  and  through  many  junctions  and  to  many  routes.  We  have 
therefore  been  obliged  to  devise  a  system  whereby  we  should  be  able  to  clear 
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ourselves  of  responsibility.  We  have  carefully  deliberated  upon  the  advantages  of 
the  English  system  and  the  advantages  of  the  American  system,  and  we  have  adopted 
what  I  think  could  be  claimed  the  most  universal  system  in  the  world,  —  at  any  rate 
it  is  applicable  on  the  greatest  number  of  administrations,  —  and  that  is,  the  giving 
a  receipt  for  baggage,  whether  against  payment  or  free  baggage,  and  delivering  that 
baggage  at  its  destination.  These  are  the  conditions  which  have  influenced  our 
system,  aiyl  therefore  I  claim  that  that  system  is  probably  the  best,  because  if  we 
adopted  the  American  system,  I  think  the  expense  of  its  operation,  the  multiplicity 
of  officers  and  men  necessary  to  carry  it  out,  would  place  it  beyond  our  means  of 
administration.  Of  course,  again,  that  may  not  be  a  fair  point  of  view  from  the 
American  aspect,  because  you  have  a  big  country,  a  long  haul  and  a  large  population 
and  a  great  many  junctions,  but  I  think  that  we  have  adopted  in  common  with  some 
other  countries,  a  system  which  is  secure  and  at  the  same  time  economical. 

In  dealing  with  the  principles  of  regulation,  from  the  replies  received  from  the 
many  administrations,  it  is  obvious  that  different  regulations  operate  in  different 
countries.  I  hope  that  the'  importance  of  this  meeting  may  indicate  the  advisability 
of  formulating  a  code  of  regulations  for  the  conveyance  of  baggage,  coupled  possibly 
with  regulations  governing  the  liability  for  packages,  and  also  if  possible  the 
establishment  of  uniformity  in  regard  to  the  weight  of  free  baggage  conveyed.  If  it 
were  possible  to  harmonize  or  standardize  these  conditions,  I  think  a  great  advantage 
would  result,  and  1  think  we  ought  to  be  able  to  put  forward  a  resolution  of  that 
kind,  because  there  we  eliminate  the  details. 

With  regard  to  the  system  followed  in  America,  I  would  like  to  offer  one  or  two 
observations.  We  know  that  upon  American  railways  practically  no  luggage  is 
conveyed  in  the  compartment.  That  may  he  a  very  desirable  decision  to  arrive  at, 
but  I  do  not  think  it  will  be  generally  admitted  as  one  of  convenience  to  the  public, 
and  I  am  sure  that  that  system  would  not  be  tolerated  in  South  Africa.  That  may  be 
on  account  of  our  passengers  travelling,  a  great  many  of  them,  long  distances  and 
carrying  a  great  deal  of  baggage,  more  baggage  probably  than  passengers  carry  in 
England,  and  I  am  sure  that  the  general  feeling  of  the  travelling  public  is  that  a 
reasonable  amount  of  baggage  should  be  carried  in  the  compartment  and  the  balance 
carried  under  a  reasonable  system  in  the  van. 

Now,  Mr.  Chairman,  I  took  the  advice  tendered  by  the  American  Association,  and 
I  reduced  my  packages  to  two;  I  found,  as  I  expected  to  find,  that  I  should  not  be 
permitted  to  take  these  two  packages,  anckthey  are  both  small,  in  the  compartment. 
In  England,  I  could  lake  these  two  packages  in  the  compartment,  in  fact  I  could  take 
three  or  four  similar  size  packages  in  the  compartment,  and  there  would  be  accom- 
modation in  the  compartment  to  receive  that  baggage  without  inconvenience  to  pas- 
sengers. If  there  was  inconvenience  to  passengers,  I  should  expect  the  railway 
administration  to  intervene  and  require  the  packages  to  be  put  in  the  van. 

Now,  probably  the  crux  of  the  whole  situation,  and  one  that  settles  the  whole 
question,  is  whether  a  man  gets  his  baggage  or  not.     Mr.  Davis  very  properly  said 
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that  one's  baggage  is  much  more  useful  than  the  ticket.  Well,  that  is  just  precisely 
my  position.  My  baggage  was  conveyed  in  the  van.  I  did  deliver  my  tickets,  upon 
the  assurance  which  had  been  given  out  that  the  baggage  would  be  properly 
delivered,  and  I  am  afraid  I  am  one  of  a  good  many  who  have  experienced  a  sense 
of  disappointment. 

Mr.  Sullivan  has  said,  and  I  accept  that,  that  the  railway  administration  only  con- 
veys baggage  from  terminal  to  terminal.  That  probably  is  the  true  position,  but 
generally  we  are  led  to  believe  that  the  American  system  is  the  best  and  quickest  in 
the  world.  That  apparently  is  not  the  case.  In  America  as  elsewhere,  agencies 
sometimes  fail  and  disappointment  sometimes  arises.  It  may  be  that  the  system  as 
it  operates  here,  is  the  best  for  this  country,  and  it  may  be  also  that  the  general 
expressions  as  to  the  system  have  been  not  quite  accurately  reflected,  and  that  is 
the  reason  why  we  shall  have  the  opportunity  of  discussing  it  further  in  connection 
with  the  express  system. 

There  are  several  other  points  that  I  might  have  referred  to,  but  I  think  they 
may  be  left  to  other  speakers.  I  have  no  desire  to  occupy  your  time  further  than 
to  say  that  I  think  each  country  will  determine  what  is  best  for  itself  and  what  is 
cheapest.  (Applause.) 

Mr.  Alexander  Wilson,  North  Eastern  Railway,  Great  Britain.  —  I  should  like  to 
ask,  Mr.  Chairman,  what  control  have  the  American  railway  companies  over  the 
expressman? 

Mr.  W.  M.  Skinner,  secretary -reporter.  —  We  have  no  direct  responsibility  for 
the  expressman,  but  as  the  privilege  of  transacting  the  business  at  the  station  is 
leased  to  him  by  the  railroad  corporation,  if  his  work  is  not  satisfactory,  the  con- 
tract is  cancelled. 

The  President.  —  Now,  I  wish  to  ask  whether  there  are  many  others  who  wish  to 
speak  on  these  subjects,  because,  if  so,  we  must  continue  to-morrow  morning. 
There  has  been  a  very  full  discussion,  however,  and  1  think  we  ftiight  take  the 
resolution  of  the  meeting  now,  unless  there  are  a  considerable  number  who  wish  to 
speak  further. 

I  take  it  then  that  with  your  approval,  it  is  now  time  that  a  resolution  should  be 
put.    The  following  is  the  resolution  I  submit  to  you  : 

"  That  after  hearing  the  many  details  of  the  American,  continental  and  English 
systems,  and  each  country  appearing  to  be  of  opinion  that  its  present  system  most 
fully  represents  its  requirements,  no  general  recommendation  of  any  one  system 
should  be  made. 

"  The  Congress  approves  the  principle  followed  in  Russia  that  the  compensation 
for  luggage  lost  by  railways  should  be  limited.  " 

Mr.  Brisse.  (In  French.)  —  Would  it  not  be  better  to  postpone  voting  till  lo-mor- 
row  so  as  to  give  time  for  the  preparation  of  a  final  resolution?  [Agreed.) 
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Mr.  W.  W.  Hoy.  —  I  have  much  pleasure  in  seconding  that  suggestion,  Mr.  Chair- 
man. Perhaps  it  would  be  well  also  to  add  same  information  as  to  the  extra  charge 
made  under  the  Russian  system  for  baggage  of  declared  value.  In  the  reply  from 
the  Russian  railways  it  is  stated  that,  if  no  value  is  declared,  the  administration  is 
responsible  up  to  a  certain  amount;  if  it  is  declared,  it  is  responsible  for  the  total 
value.  But  it  is  not  stated  whether  any  extra  charge  is  made  for  the  declaration ; 
if  not,  passengers  might  declare  that  the  baggage  is  worth  double  its  value  or  even 
more. 

The  President.  —  M'  Hoy's  wishes  shall  be  fulfilled.  This  session  is  now  closed, 
and  we  shall  meet  (o-morrow  morning  at  half-past  nine  o'clock. 


Meeting  held  on  May  6,  1905  (morning). 


The  President.  —  The  first  business  that  I  have  to  bring  before  you  is  this,  — 
yesterday  we  read  over  to  the  meeting  a  provisional  resolution  and  it  was  agreed 
that  it  should  be  amended  before  being  submitted  for  approval  to  the  section.  The 
resolution  as  read  yesterday  was  as  follows  roughly  : 

"  After  hearing  a  large  number  of  reports  on  methods  pursued  in  America, 
Europe  and  other  countries  throughout  the  world,  for  the  transportation  and 
protection  of  baggage  and  express  parcels,  it  is  the  opinion  of  the  Congress  that 
the  arrangements  at  present  adopted  by  the  different  countries  best  meet  their 
varied  requirements,  and  there  are  no  grounds  for  recommending  any  particular 
system. " 

In  consequence  of  what  was  suggested  by  some  of  the  speakers  yesterday,  we 
ought  to  add  that  the  Congress  approves  of  the  regulation  in  Russia  under  which 
there  is  a  limited  compensation  for  baggage  lost.  After  the  proceedings  of  the 
session  were  over,  however,  there  were  two  or  three  points  raised  in  connection 
with  that  which  make  it,  I  think,  undesirable  that  the  section  should  pass  the  latter 
part  of  the  resolution  about  the  compensation  for  baggage ;  and  therefore  1  would 
ask  the  section  to  pass  this  resolution  that  I  have  just  read,  without  the  attachment 
of  the  clause  about  the  compensation  in  Russia  that  was  suggested  yesterday. 

—  Adopted. 

The  President.  —  There  is  one  other  matter  I  have  been  asked  to  bring  forward  in 
connection  with  our  work  yesterday.  This  is  a  letter  from  Mr.  Bradley,  who  was 
the  reporter  on  the  subject  of  express  parcels  : 

"  It  is  evident  from  the  discussion  held  at  the  meeting  yesterday  on  the  subject  of 
the  transfer  or  delivery  of  baggage,  that  some  of  the  members  of  the  section  have 
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confused  the  regular  express  companies  engaged  in  the  transportation  by  passenger 
trains  of  merchandise  and  parcels,  with  the  transfer  companies  engaged  in  the 
transfer  at  intermediate  points,  or  delivery  to  owner  at  destination  points,  of 
baggage  checked  and  transported  by  a  railway  company  for  its  passengers.  Will 
you  state  to  the  members  that  the  regular  express  companies  do  not  deliver  or  trans- 
fer or  have  anything  to  do  with  baggage  checked  by  a  railway  company  for  its 
passengers  unless  specially  employed  to  do  so  by  the  owner  of  the  baggage.  That 
service  is  performed  by  local  transfer,  or  local  express  companies  who  have  con- 
tracted with  the  railroad  companies  to  perform  that  service  under  conditions  accept- 
able to  the  railroad  company.  Those  local  transfer  companies  are  not  engaged  in 
the  transmission  of  express  matter  by  passenger  trains.  " 

Mr.  Bradley  is  anxious  that  I  should  give  you  this  explanation. 

Mr.  Brisse.  (In  French.)  —  There  has  never  entered  our  minds  one  atom  of  con- 
fusion between  the  express  companies  who  undertake  the  business  of  conveying 
parcels  in  America  and  the  local  companies  who  transfer  luggage  in  the  large 
American  tovras. 


Digitized  by 


Google 


DISCUSSION  AT  THE  GENERAL  MEETING 


-►•^ 


Meeting  held  on  May   11,    1905  (afternoon). 

Mr.  Stuyvesant  FISH,  president,  in  the  chair. 

General  secretary  :  Mr.  L.  WEISSENBRUCH. 

Associate  general  secretary  :  Mr.  W.  F.  ALLEN. 

The  President  read  the 

Report  of  the  3"^  section. 

(See  the  Daily  Journal  of  the  session,  No.  4,  p.  66.) 

•  Mr.  J.  H.  Bradley  read  an  abstract  of  his  report  on  the  question  of  "  Express 
Parcels.  " 

**  Because  of  the  close  connection  of  this  question  with  the  question  of  baggage, 
the  President  thought  that  the  conclusion  of  one  also  applied  to  the  other,  and  that 
it  would  be  proper  to  pass  to  the  discussion  of  the  baggage  question. 

"  Mr.  W.  M.  Skinner,  secretary-reporter,  read  an  abstract  of  the  report  of 
Mr.  Geo.  H.  Daniels,  who  could  not  be  present. 

"  The  conclusions  of  this  report  were  then  put  up  -for  discussion  by  the  President. 

"  Sir  Charles  J.  Owens  (London  &  South  Western  Railway,  England)  confined  his 
remarks  to  the  question  of  baggage.  He  did  not  fully  agree  with  the  reporter's  con- 
clusion as  to  the  superiority  of  the  American  system.  He  thought  that  this  system 
might  be  necessary  in  a  country  like  America,  where  passenger  vehicles  are  few  or 
very  expensive  and  the  handling  is  costly,  but  he  did  not  think  it  advantageous  for 
ttie  passengers. 

**'  The  lack  of  employees  to  receive  parcels  at  the  station  and  the  delays  which  are 
caused  in  the  delivery  of  baggage  to  the  residences,  would  not  be  tolerated  by  the 
English  public  and  would  cause  lively  protests. 
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**  The  speaker  then  proceeded  to  show  the  advantages  of  the  system  in  use  in 
England  for  the  convenience  of  the  traveller  who  can  get  his  baggage  on  the  arrival 
of  the  train,  as  well  as  to  the  railway  companies,  which,  notwithstanding  the  system 
of  not  registering  baggage,  have  only  a  very  limited  number  of  complaints.  The 
speaker  believed  that  the  introduction  of  any  kind  of  checking  in  Great  Britain 
would  cause  an  expense  which  would  certainly  be  ten  times  as  heavy  as  that 
resulting  from  actual  losses  and  damages  to  baggage. 

"  Mr.  Brisse  {French  Eastern  Railway)  would  like  to  establish  a  cle^ar  distinction 
between  the  inherent  defects  of  the  organization  and  those  due  to  the  application  of 
the  service.  The  delays,  due  to  the  delivery  of  baggage  to  residences,  for  instance, 
are  only  a  question  of  management.  If  it  is  desired  in  America  to  have  an  immediate 
delivery  of  the  baggage,  a  cab  can  be  hired  and  the  baggage  taken  along.  The 
American  system  does  not,  however,  show  very  successful  results,  and  the  speaker 
asked  the  reporter  for  supplementary  information  on  the  operating  service  of  the 
baggage  delivery  companies,  as  well  as  statistical  data  relative  to  the  number  of 
pieces  transported,  the  number  of  employees  required  for  handling  and  the  cost  of 
this  operation  expressed  as  a  function  of  the  number  of  pieces  handled. 

"  Mr.  W.  M.  Skinner,  secretary-reporter,  first  replied  to  the  objections  raised  by 
Sir  Charles  J.  Owens.  The  report  of  Mr.  Geo.  H.  Daniels  treats  only  of  baggage 
transported  in  baggage  cars.  The  question  of  the  services  which  the  agents  of  the 
railroad  may  furnish  to  travellers  in  transporting  their  handbags,  is  beyond  the 
subject.  Americans  have,  besides,  found  by  experience  that  it  is  better  to  get  rid 
of  a  great  number  of  small  parcels  by  concentrating  them  in  large  trunks,  which 
they  let  the  baggage  transfer  companies  handle,  and  do  not  carry  with  themselves 
much  baggage  into  the  passenger  cars.  As  to  the  delays  in  delivering  to  the  resi- 
dences, the  English  and  American  systems  cannot  be  compared,  because  in  the  latter 
the  passenger  turns  over  his  baggage  to  outside  companies  to  avoid  all  trouble;  if 
he  cares  to  take  any  along  with  him,  he  can  do  it  as  in  England.  As  to  the  superior- 
ity of  the  English  system,  it  can  be  seen  that  it  is  not  generally  appreciated,  except 
in  Great  Britain,  which  is  the  only  one  out  of  twenty-four  or  twenty-five  countries 
which  have  sent  in  replies  to  the  reporter  that  does  not  use  any  registration  method. 

"  As  to  the  statistical  information  demanded  by  Mr.  Brisse,  Mr.  W.  M.  Skinner 
regretted  not  being  able  to  furnish  it  as  completely  as  he  would  desire.  He  confined 
himself  to  the  following  figures,  which  apply  to  the  Grand  Central  Station  in  New 
York  :  in  normal  times,  the  number  of  railroad  employees  (not  including  the 
employees  of  the  baggage  transfer  companies  occupied  in  handling  baggage)  is 
ISO  men;  the  number  of  parcels  of  baggage  handled  is  on  the  average  of  150,000 
to  200,000  per  month.  During  the  periods  of  heavy  traffic,  especially  during 
vacation  time,  for  three  or  four  weeks  of  each  year,  this  number  is  on  the  average  of 
8,000  to  10,000  parcels  per  day,  or  240,000  to  300,000  per  month.  The  number  of 
trucks  used  exclusively  for  baggage  is  150. 
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"  Mr.  Evelyn  Cecil  {London  &  South  Western  Railway,  England)wsis  not  convinced 
by  the  arguments  presented  by  Mr.  W.  M.  Skinner.  Though  baggage  can  be  taken 
by  the  passenger  on  his  arrival,  it  requires  much  longer  time  than  in  England,  and 
cabs  cause  considerable  expense,  so  that  quick  delivery  can  only  be  obtained  at  a 
great  expense. 

"  The  speaker  also  dwelt  on  the  roughness  with  which  baggage  is  handled  in 
America  and  the  much  greater  care  which  is  exercised  in  Europe.  He  quoted  his 
own  personal  experiences,  which  would  certainly  be  confirmed  by  a  great  number 
of  his  colleagues. 

"  Finally,  Mr.  Evelyn  Cecil  thought  that  it  is  suitable  to  call  the  attention  of  the 
meeting  to  the  rules  adopted  by  the  Russian  law,  mentioned  by  Mr.  W.  M.  Skinner; 
these  concern  the  limits  of  responsibility  of  the  railroads  when  a  passenger  has  not 
stated  the  value  of  the  parcel  transmitted.  The  speaker  thought  that  these  rules  are 
excellent  and  hje  proposed  that  they  should  be  approved  by  the  section. 

"  Mr.  Brisse  thought  that  the  remarks  made  by  the  representatives  of  the  two 
systems,  the  English  and  the  American,  lead  to  the  conclusion  that  each  country 
should  possess  a  system  corresponding  to  the  public  needs  and  the  conditions  of 
the  service.  In  France,  a  system  different  from  the  two  previously  described  is 
used;  the  railroad  companies  do  not  undertake  to  deliver  the  baggage  to  the  house, 
but  they  give  a  receipt  to  the  passenger.  For  several  years  past,  however,  the  com- 
panies have  encouraged  a  private  enterprise  which  undertakes  the  house  delivery  of 
baggage  entrusted  to  them  at  a  reasonable  charge. 

**  The  speaker  asked  for  details  with  regard  to  the  system  of  records  usedjn 
America,  either  at  terminal  stations  or  at  stations  of  branch  roads. 

"  Mr.  W.  M.  Skinner  explained  the  system  used  in  America  :  A  single  sheet  is 
used  on  which  each  of  the  numbers  referring  to  each  parcel  is  given,  together  with 
an  indication  of  the  sort  of  baggage  and  its  point  of  destination ;  a  copy  of  this  sheet 
is  put  in  the  hands  of  the  train  baggage  man,  who  himself  keeps  a  note  of  each  piece 
delivered  to  him. 

"  Mr.  E.  L.  Davis  {North  Eastern  Railway,  England)  thought  it  impracticable  to 
attempt  to  secure  uniformity  in  methous  of  transportation  of  baggage,  and  while 
the  American  system  may  be  necessary  on  the  long  journeys  made  in  America,  the 
English  public  appears  to  be  perfectly  satisfied  with  the  arrangements  in  use  in 
England. 

^  Mr.  Charles  Jenny,  superintendent  of  the  Brenner  Division  of  the  Austrian 
Southern  Railways,  which  is  the  shortest  line  between  the  capitals  of  Germany  and 
Italy,  had  had  occasion  to  study  the  two  systems  —  English  and  American.  As  no 
free  baggage  is  now  carried  in  Austria,  only  the  checking  systems  would  apply  there. 
Mr.  Jenny  stated  that  the  English  system  appears  to  him  the  best. 
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"  Mr.  Yoshio  Kinoshita,  former  traffic  manager  of  the  Japanese  State  Railways, 
reported  that  in  Japan  they  began  with  the  English  system ;  that  after  several  years' 
experience,  the  American  system  was  adopted  in  part,  and  that  at  present  a  mixed 
system  is  in  use.  At  the  stations  there  are  a  great  many  vehicles  or  jinrikishas 
which  have  an  arrangement  with  the  railways  and  carry  passengers  with  their 
baggage  at  very  low  rates;  at  the  same  time,  the  railway  companies  have  a  system  of 
baggage  transfer  from  house  to  house.  The  proportion  of  passengers  preferring 
the  former  method  may  be  estimated  at  between  half  and  three  quarters  of  the  entire 
number  of  passengers,  the  balance  availing  themselves  of  the  other  system. 

*^  Mr.  E.  Stiffson  (Hungarian  State  Railways)  stated  that  the  Hungarian  railways, 
which  make  a  charge  for  carrying  baggage,  use  the  checking  system.  This  system 
gives  entire  satisfaction  in  Hungary. 

"  Mr.  A.  W.  Sullivan  [Missouri  Pacific  Railway)  defended  the  American  system  and 
explained  its  advantages,  following  the  baggage  from  the  city  where  shipped  to  the 
residence  at  its  destination ;  he  showed  that  the  delay  at  starting  point  may  be  greatly 
reduced  if  the  traveller  takes  his  baggage  with  him  to  the  station ;  he  dwelt  strongly 
on  the  fact  that  the  small  number  of  packages  allowed  in  the  cars  prevents  crowding, 
and  he  enlarged  on  the  advantage  to  the  passenger  of  having  no  baggage  to  look 
after  upon  his  arrival,  whatever  the  length  of  his  journey. 

"  Mr.  W.  W.  Hoy  (Central  South  Africa  Government  Railways)  explained  that  in 
South  Africa,  where  the  people  are  familiar  with  the  English  system,  it  has  been 
necessary  to  guard  against  fraud,  in  that  the  passenger,  after  obtaining  possession 
of  his  baggage,  may  later  deny  having  received  it.  It  has,  therefore,  become  neces- 
sary to  adopt  a  system  relieving  the  railway  from  responsibility.  They  have  there- 
fore had  to  employ  a  checking  system  in  South  Africa. 

Mr.  Alexander  Wilson  (North  Eastern  Railway,  England)  inquired  what  control 
American  companies  have  over  the  agents  of  baggage  delivery  companies  entrusted 
with  baggage. 

"  Mr.  W.  M.  Skinner  replied  that  the  baggage  delivery  companies  themselves  are 
responsible  to  the  railway  companies  for  errors  of  agents.  When  the  delivery  service 
is  not  satisfactory,  the  contracts  made  with  the  companies  are  rescinded. 

*^  Discussion  being  closed,  the  President  proposed  that  the  section  approve  the 
following  conclusions,  briefly  summarizing  the  entire  debate.  " 

The  President.  —  The  following  are  the 

CONCLUSIONS. 

"  After  hearing  a  large  number  of  reports  on  methods  pursued  in  America, 
*  Europe  and  other  countries  throughout  the  world,  for  the  transportation  and 
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protection  of  baggage  and  express  parcels,  it  is  the  opinion  of  the  Congress  that  the 
arrangements  at  present  adopted  by  the  different  countries  best  meet  their  varied 
requirements,  and  there  are  no  grounds  for  recommending  any  particular 
system. " 

—  These  conclusions  were  adopted  by  the  general  meeting. 
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1.  —  How  railwaymen  are  trained.    The  Great  Western  Bailway  lecture} 

and  Debating  Society. 

By  Alfred  W.  ARTHURTON. 

{The  Railway  Magazine.) 

The  need  of  **  getting  together  "  has  been  recognised  by  railwaymen  in  America  for  many 
years  past,  and  the  numerous  associations  and  clubs  now  in  existence  show  to  what  extent  they 
are  endeavouring  to  do  so.  Meetings  and  conventions  of  the  various  organisations  take  place 
periodically,  at  which  matters  of  particular  or  general  railway  interest  are  discussed.  Railway 
clubs  also  exist  in  most  of  the  large  cities  which  are  railroad  centres,  and  many  of  them  possess 
strong  social  features.  The  membership  is  largely  composed  of  the  chief  officials  of  the  railways, 
but  other  organisations,  such  as  The  General  Passenger  and  Ticket  Agents'  Association,  the 
Master  Mechanics'  Association,  the  Telegraph  Superintendents*  Association,  the  Master  Car 
Builders' Association,  etc.,  reach  a  large  number  of  the  higher  grade  of  employees,  for  the 
rank  and  file  the  Technical  Debating  Society  is  the  chief  means  of  conference  and  discussion 
available.  These  societies  exist  in  large  numbers  in  the  United  States,  and  at  their  weekly  or 
fortnightly  meetings,  papers  of  a  practical  or  technical  nature  are  read  and  discussed.  Their 
exact  position  in  the  education  of  the  staffs  of  the  various  railways  is  difficult  to  determine,  but 
it  is  certain  that  they  are  in  a  great  measure  responsible  for  the  high-class  railroad  practice 
which  exists  in  America  to-day.  Expert  railwaymen  speak  highly  of  their  good  efiect,  and  are 
agreed  that  permanent  success  can  be  achieved  only  by  frequent  intercourse  and  discussion  of 
the  problems  and  difficulties  confronting  all. 

On  a  great  railway  system  there  is  necessarily  much  sub-division  of  labour,  leading  often  to  a 
departmentalism  fatal  to  the  interest  and  zeal  of  employees.  The  stringent  duties  required  of  a 
man  are  often  so  engrossing  that  his  mind  and  his  aspirations  settle  down  into  one  little  groove ; 
he  becomes  incapable  of  proper  judgment,  and  weighs  all  outside  influences  simply  from  the 
standpoint  of  his  own  particular  work.  There  is  no  reason,  however,  why  departmental  lines 
should  be  drawn  so  tightly,  seeing  that  salaries  all  come  out  of  one  pocket.  United  effort  on  the 
part  of  the  members  of  one  department  may  be  often  seen,  but  there  is  seldom  any  such  effort 
between  one  department  and  another.  What  is  wanted  is  a  greater  interchange  of  ideas,  and 
this  can  be  brought  about  by  friendly  intercourse  and  discussion. 
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The  habit  of  meeting  together  for  the  discussion  of  railway  matters  is,  as  already  shown, 
productive  of  most  satisfactory  results,  and  when,  in  addition,  the  publication  of  the  papers  and 
discussions  is  also  possible,  the  advantages  are  considerably  increased.  Some  go  further,  and 
think  that  a  judicious  distiibution  of  carefully  compiled  pamphlets  upon  subjects  of  special,  as 
well  as  common,  interest,  treated  by  experts  in  a  non-technical  fashion,  would  be  an  even  better 
plan.  The  object  of  these  pamphlets  would  be  to  take  employees  into  greater  confidence  than  at 
present,  and  make  each  feel  that  he  was  not  merely  a  machine,  but  part  of  an  organised  whole. 
Without  divulging  state  secrets,  much  useful  information  could  be  imparted  which  is  at  present 
withheld.  If  a  new  line  were  bought  or  built,  or  an  old  one  reconstructed,  it  could  be  explained 
to  the  employees  what  advantages  were  expected  to  accrue  from  the  change ;  or  if  a  new  type  of 
engine  were  introduced,  it  could  be  demonstrated  in  what  way  it  excelled  the  old  type  in  tractive 
power  or  economy  of  coal  consumption. 

The  Great  Western  Railway  (London)  Lecture  and  Debating  Society  has,  from  its  inception, 
endeavoured  to  move  somewhat  along  these  lines.  The  construction  of  new  works,  the  evolution 
or  adoption  of  new  types  of  locomotives ;  the  methods  of  lighting;  or  the  substitution  of  one  form 
of  motive  power  for  another,  have  occupied  the  attention  of  its  members  for  many  meetings,  and 
the  subsequent  printing  and  distribution  of  the  papers,  corresponds  somewhat  to  the  idea  of 
issuing  pamphlets  on  such  subjects  for  the  edification  of  the  staff. 

I  have,  in  a  former  article,  described  the  scheme  of  education  provided  by  the  directors  of 
the  Great  Western  Railway  for  their  employees,  but  in  the  present  instance,  the  initiative  has 
been  taken  by  the  staff  themselves,  in  forming  a  society  for  the  discussion  of  the  large  number  of 
railway  questions  of  great  interest  which  underlie  the  ordinary  departmental  work.  Its  avowed 
objects  are,  to  give  members  an  opportunity  of  learning  something  of  those  branches  of  railway 
work  with  which  they  are  not  immediately  connected ;  to  keep  them  up-to-date  in  regard  to 
improvements  in  methods  of  transport,  and  appliances  used  in  connection  with  transport ;  to 
improve  the  general  tone  of  the  clerical  staff,  in  the  matter  of  railway  education ;  and  to  invite 
papers  on  all  subjects  relating  to  all  departments,  and,  as  far  a«  practicable,  of  a  more  or  less 
technical  nature.  The  idea  originated  amongst  a  few  of  those  interested  in  railway  education  at 
Paddington,  and  steps  were  at  once  taken  to  carry  it  out.  One  of  their  number  was  induced  to 
prepare  a  paper  on  **  Merchandise  Rates,"  and  the  meeting  was  widely  advertised  among  the 
staff.  The  attendance  surpassed  the  hopes  of  the  provisional  committee,  who.  contemplating  the 
formation  of  a  small  society,  were  confronted  at  the  start  with  an  audience  of  from  three  hundred 
to  four  hundred  men.  The  proposal  to  establish  a  debating  society  was  received  by  the  meeting 
with  acclamation,  and  a  president  and  committee  duly  elected. 

The  selection  and  arrangement  of  subjects  for  the  first  programme  was  no  easy  task,  although, 
it  must  be  admitted,  that  the  various  ofiicers,  when  asked  to  read  papers  before  the  society, 
willingly  responded.  Eventually  dates  were  arranged  to  suit  all,  and  a  comprehensive  list  of 
lectures  and  debates  prepared.  Many  of  the  subjects  appear  at  first  sight  to  be  of  a  non-debatable 
character,  but.  strange  to  say,  these  were  generally  the  ones  upon  which  most  discussion  took 
place.  A  lecture  on  •*  Stations'  Accounts,"  for  instance,  which  seemed  to  offer  little  field  for 
debate,  provoked  a  lengthy  discussion.  Each  speaker  had  his  own  pet  theor\*  for  the  better 
preparation  of  one  or  other  of  the  numerous  returns,  until  so  many  and  radical  were  the  changes 
suggested,  it  would  have  been  difiicult  to  pick  the  wheat  out  of  so  much  chaff,  had  not  one 
speaker  often  demolished  the  arguments  and  theories  of  his  predecessor.  Naturally,  at  the 
outset,  some  of  the  oratorical  efforts  were  not  a  high  standard ;  but  a  great  improvement  in  this 
direction  was  noticeable  before  many  debates  had  taken  place. 
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The  first  meeting  of  the  session  brought  together  an  audience  wliioh  overflowed  the  large  Half  • 
Yearly  Meeting  Room  of  the  company.  It  is  said  that  a  good  start  is  half  the  battle.  Certainly 
the  committee  of  the  Debating  Society  had  reason  to  be  satisfied  with  the  immediate  success  of 
the  new  venture.  Before  the  conmiencement  of  the  season,  nearly  500  members  had  been 
enrolled,  thus  demonstrating  not  only  the  need  of  such  a  society,  but  also  the  interest  taken  in 
their  profession  by  the  members  of  the  clerical  staff. 

Sabsequeffibt  meetings,  if  not  so  crowded  as  the  first,  showed  that  the  interest  in  the  subjects 
uikder  discussion  never  flagged.  The  latter,  as  may  be  seen  from  the  syllabus  on  the  end  of  this 
article,  varied  from  the  economics  of  transport  to  the  daily  duties  at  a  counti7  station,  or  from  the 
fiuaucial  considerations  involved  in  railway  management  to  the  obligations  imposed  by  the  Board 
of  Trade  on  British  railways.  The  value  of  rail  and  road  motors  as  feeders  to  main  lines,  alter- 
nated with  consideration  of  the  most  recent  improvements  in  electric  signalling  ap^paratus,  whilst 
an  evening  with  the  Great  Western  Railway  Company's  steamboats,  paved  the  way  for  a  debate 
on  the  advisability  of  British  railway  companies  establishing  their  own  services  across  the 
Atlantic^ 

The  discussion  which  followed  the  papers  was  in  some  cases  continued  in  the  correspondence 
columns  of  the  Great  Western  Railway  Ma^aaine  by  counti'y  members  of  the  society,  who  had 
read  the  papers  but  were  not  able  to  be  present  at  the  meetings.  ParticAilarly  was  this  so  in  the 
case  of  a  paper  on  the  best  methods  of  working  parcels  trafl^,  the  correspondence  continuing  for 
over  twelve  months,  thus  again  showing  the  interest  taken  in  the  subjects  by  the  staff  all  over 
the  line. 

An  interesting  feature  was  introduced  by  the  provision  of  a  lantern  and  screen,  by  means  of 
which,  in  the  case  of  a  paper  on  the  different  types  of  Great  Western  Railway  locomotives,  for 
example,  the  various  classes  of  engines  provided  by  the  company  to  meet  the  exigencies  of  modem 
railway  practice  were  illustrated.  Such  an  adjunct  is  of  no  small  value  to  a  lecturer  who  has  to 
make  a  somewhat  technical  subject  intelligible,  as  well  as  interesting,  to  a  non-technical 
audience.  At  otiier  meetings,  working  models  were  provided,  and  in  a  debate  on  '*  Gas  verstn 
Electric  Lighting  for  Railways,"  the  readers  of  the  papers  provided  themselves  with  excellent 
models  showing  the  different  methods  of  lighting  and  control  exercised  by  the  rival  systems 
both  for  train  and  station  illumination. 

The  results  of  the  first  session  were  such  as  to  inspire  the  committee  with  greater  confidence 
for  the  future.  Nearly  700  membei's  had  been  enrolled,  of  whom  the  greater  part  were  stationed 
at  Paddington.  About  200,  however,  consisted  of  country  members  located  in  various  parts  of 
the  system,  and,  in  order  that  these  might  share  with  their  London  brethren,  at  least  some  of  the 
advantages  to  be  derived  from  such  a  society,  the  papers,  as  already  stated,  were  printed  and 
distributed.  This  circulation  of  the  papers  for  the  benefit  of  those  who,  through  illness,  duty, 
distance,  or  any  other  cause,  are  unable  to  attend  the  meetings,  renders  the  information  imparted 
of  a  permanent  value,  and  there  is  no  doubt  that  much  of  the  success  of  the  society  is  attribut- 
able to  such  a  course  being  adopted. 

In  one  particular  only  was  there  at  first  any  cause  for  regret.  The  number  of  members  who 
joined  in  the  debates  was  comparatively  small,  and  it  was  found  that  the  discussion  was  often 
sustained  by  the  same  members  time  after  time.  During  the  early  part  of  the  session,  members 
were  unable  to  conquer  their  nervousness  sufficiently  to  make  a  maiden  effort.  A  few  minutes 
was,  therefore,  set  apart  for  questions,  so  that  those  who  could  not  attempt  a  speech  might 
**  break  the  ice  "  by  asking  one  or  more  questions  of  the  lecturer.  Slowness  of  speech  is  a 
distinct  drawback  to  a  railway-man,  who  is  frequently  called  upon  to  defend  his  company's 
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interests  at  conferences  and  elsewhere,  and  every  effort  was  therefore  made  to  induce  the  younger 
members  to  join  in  the  debates. 

The  second  session  was  inaugnrated  by  a  lecture  on  **  Great  Western  Train  Speeds,  1845- 
1905,  **  by  the  Rev.  W.  J.  Scott,  B.  A.,  who  is  so  well  known  to  readers  of  the  fiailtoay  M<iffa\ 
zine.  Debates  and  lectures  followed  at  alternate  meetings,  the  latter  frequently  illustrated  by 
lantern  slides.  So  necessary  has  this  become  to  the  proper  representation  of  the  many  subjects 
treated,  is  was  thought  advisable  to  purchase  an  electric  lantern  of  the  latest  type,  instead  of 
hiring  one  when  required,  as  at  first.  As  previously  stated,  views  and  diagrams,  when  thrown 
upon  a  screen,  are  of  immense  assistance  to  a  lecturer  in  illustrating  the  points  he  wishes  to 
emphasise,  and  their  use  tended  to  popularise  the  subjects  among  all  classes  of  members.  Parti- 
cularly was  this  so  in  a  lecture  on  the  newest  and  shortest  route  to  Ireland,  ma  Fishguard  and 
Rosslare.  Only  by  means  of  views  could  the  magnitude  of  the  operations  on  both  sides  of  the 
Channel  be  realised.  The  construction  of  the  harbour  works  and  the  lengtliy  breakwaters  was 
easily  followed  by  means  of  the  views  taken  at  various  sts^es  of  the  work. 

The  economical  working  of  goods  traffic  created  great  interest  and  discussion,  whilst  the 
information  brought  out  in  the  discussion  on  **  Wholesale  versus  Retail  Trade,  from  a  Railway 
Point  of  View, "  enabled  one  to  realise  the  amount  of  work  the  railway  companies  are  called 
upon  to  perform  in  dealing  with  small  consignments  of  traffic. 

Evenings  were  also  devoted  to  departments  not  commonly  entering  into  actual  railway  work, 
although  their  functions  are  of  the  highest  importance  to  the  railways.  The  numerous  ways  in 
which  legal  aid  is  required  in  railway  operations,  and  the  remarkable  organisation  which  pur- 
chases and  distributes  stores  and  materials  to  more  than  1,000  stations  and  depots,  were  fully 
dealt  with.  The  great  benefit  derived  from  water  softening  for  locomotive  purposes,  was  the  text 
taken  by  a  Swindon  expert  at  a  meeting  not  long  since,  whilst  an  echo  of  the  **  Fishguard  "  route 
to  Ireland  was  heaid  on  another  occasion  when  the  resident  engineer  of  the  new  line  from  Ciar- 
beston  Road  to  Letterston  (Pembroke)  showed  in  detail  the  various  operations  entailed  in  the 
construction  of  a  new  railway. 

At  one  meeting,  Mr.  Lynden  Macassey,  the  able  secretary  to  the  Royal  Commission  on  London 
Traffic,  lectured  on  the  factors  aifecting  passenger  traffic  in  our  great  cities,  which  subject  was 
appropriately  followed  at  the  next  meeting,  by  a  paper  on  the  provision  of  workmen's  trains 
under  the  Cheap  Trains  Act  of  1883. 

The  Hammersmith  and  City  Railway,  the  first  portion  of  the  Great  Western  line  to  be  adapted 
to  electric  traction,  of  course,  claimed  a  prominent  place  in  the  programme,  and  the  newly 
appointed  electrical  engineer  to  the  Great  Western  Railway,  Mr.  Roger  Smith,  described  its 
conversion,  whilst  a  description  of  the  International  Railway  Congress  of  1905,  held  at  Washing- 
ton, was  given  by  the  chief  goods  manager,  Mr.  T.  H.  Rendell,  one  of  the  delegates  representing 
the  Great  Western  Railway.  At  this  last-named  meeting,  the  methods  and  objects  of  the  Confe- 
rence were  fully  described,  and  American  methods  of  working  compared  with  those  on  this  side 
of  the  Atlantic. 

It  may  here  be  stated,  that  the  president  of  the  Society  is  Mr.  J.  C.  Inglis,  the  General  Manager, 
who  has  always  taken  a  keen  interest  in  its  progress,  and  frequently  takes  the  chair  at  the 
meetings.  The  vice-presidents,  seventeen  in  number,  include  most  of  the  chief  officers  of  the 
company,  and  by  their  frequent  attendance  and  contributions  to  the  debates,  show  practical 
sympathy  with  the  object  the  Society  has  in  view. 

One  of  the  pleasing  features  in  connection  with  the  formation  of  this  so.^iety  was  the  way  in 
which  it  was  followed  by  the  establishment  of  similar  institutions  on  other  railways.     The  inti- 
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mation  in  the  Raifway  Magazine  led  to  numerous  inquiries,  and  the  immediate  result  was  that 
several  new  societies  were  started  in  Great  Britain.  At  York,  the  Society  of  the  North-Eastern 
Railway,  under  the  presidency  of  Sir  George  Gibb,  inaugurated  a  series  of  lectures  covering  a 
large  field  of  railway  work.  The  North  British  Railway,  at  Edinburgh;  the  London  and  North- 
western, at  Camden;  and  the  Great  Central  Railway,  at  Nottingham,  also  arranged  courses  of 
lectures  and  debates  for  the  staff  at  those  places,  and  even  as  far  away  as  Natal  a  society,  under 
the  presidency  of  Sir  David  Hunter,  the  late  general  manager  of  the  Natal  Government  Railways, 
was  formed  on  a  similar  basis. 

This  almost  unanimous  admission  of  the  need  for  some  euch  institution  on  every  railway  for 
the  education  and  improvement  of  the  staff,  may  pave  the  way  for  a  wider  scheme.  The 
extension  of  the  movement  should  lead  to  the  formation  of  an  association  to  which  the  various 
local  societies  could  be  affiliated.  An  annual  conference,  somewhat  on  the  lines  of  the  American 
associations  named  at  the  commencement  of  this  article,  could  then  be  arranged,  at  which  dele- 
gates from  the  various  societies  would  attend.  The  gathering  of  representatives  from  all  the 
large  railway  companies  in  Great  Britain,  to  discuss  the  problems  of  modern  railway  administra- 
tion, which,  in  these  days  of  severe  competition  and  rapid  change  of  circumstances,  daily  confront 
the  various  companies,  could  not  fail  to  benefit  not  only  the  delegates  themselves,  but  the  corpo- 
rations they  represent.  If  such  conferences  were  useful  in  no  other  way,  they  would  serve  to 
broaden  the  minds  and  increase  the  ideas  of  the  next  generation  of  railway  officers,  and  prepare 
them  to  grapple  with  the  difficulties  the  enormous  developments  of  transport  may  hold  for  them 
in  the  future.  It  is  generally  admitted  that  the  high  standard  of  railway  practice  in  the  United 
States,  is  due  in  no  small  measure  to  the  existence  of  the  numerous  societies  for  mutual  inter- 
course and  discussion  already  referred  to.  It  is  not  too  much  to  hope,  therefore,  that  there  may 
yet  be  established  in  Great  Britain  a  general  association  of  railwaymen,  at  whose  meetings  those 
already  in  command  of  our  railways,  may  lend  a  helping  hand  to  those  who  follow  them,  so  that 
the  latter  may  be  better  equipped  with  such  knowledge  as  will  enable  them  to  deal  satisfactorily 
with  the  problems  of  the  future. 

The  establishment  of  debating  societies  on  the  various  railways  named  is  a  step  in  the  right 
direction.  They  are,  however,  purely  domestic  societies,  and  their  influence  consequently  local. 
From  these  may  spring  the  larger  and  wider  scheme  of  gathering  them  into  one  association, 
which,  whilst  not  lessening  the  benefits  they  now  confer  on  their  members,  would  have  a  far 
wider  influence,  and  help  to  place  the  railway  calling  on  a  higher  plane  than  at  present.  It  has 
been  recognised,  that  railways  must  be  put  on  a  scientific  basis,  and  the  railroad  business  must, 
therefore,  become  a  profession,  which,  if  not  so  old  as  the  other  scientific  professions  of  law, 
medicine,  etc.,  is  no  less  important  when  it  is  considered  to  what  extent  we  are  dependent  for 
our  pleasure,  our  comforts,  our  very  food,  on  easy  and  rapid  means  of  locomotion. 

At  no  time  in  the  history  of  the  nation,  has  the  need  for  safe  and  rapid  transport  of  person  and 
things  been  more  pressing  than  at  the  present  time,  and  there  is  every  indication  that  increased 
facilities  will  be  demanded  year  by  year.  If  steam  prove  insufficient,  the  aid  of  electricity  must 
be  invoked,  but.  in  any  case,  the  men  who  will  in  the  future  have  control  of  our  transport, 
must  recognise  that  an  applied  science  like  transportation  cannot  be  acquired  without  special 
training,  incessant  industry,  and  knowledge,  not  only  of  the  broad  principles  of  railway 
working,  but  also  some  detailed  acquaintance  with  the  various  departments  of  which  a  railway 
is  composed. 

To  assist  in  giving  the  latter  has  been  the  aim  of  the  Great  Western  Railway  (London)  Lecturing 
and  Debating  Society,  and  its  efforts  have  been  attended  with  success. 
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Sul^ects  disonssed.  —  Sessions,  1904-06-06; 

SUBJBCr.  IimooucBD  ut 

The  functions  of  railways  in  relation  to  trade  and  commerce  ....  Mr.  T.  H.  Rendell. 

Stations*  accounts Mr.  W.  Fox. 

A  day's  work  at  a  roadside  station Mr.  H.  R.  Griffiths. 

Light  railways,  or  motor  cars,  as  feeders  to  main  lines Mr.  G.  Aldington. 

Board  of  Trade  requirements Mr.  F.  Potter. 

Great  Western  Railway  locomotives |  AMTMhp' 

Recent  improvements  in  electric  signalling  apparatus Mr.  C.  M.  Jacobs. 

Stocks  and  shares  in  connection  with  railway  management     ....  Mr.  A.  E.  Bolter. 

Gas  or  acetylene,  lighting  rer#M«  Electric  lighting  for  railways     .     .     !  v  *  a*  r*  rr  ft  ' 

The  Great  Western  Railway  steamboat  services Mr.  T.  E.  Williams. 

Manual  versus  Power  systems  of  signalling Mr.  R.  J.  Insell. 

The  working  of  parcels  traffic Mr.  O.  Veltom. 

Should  British  Railway  Co.*s  establish  their  Own  Atlantic  services?  .     .  Mr.  R.  H.  NichoUs. 

Selecting,  training  and  disciplining  railwaymen Mr,  W.  Dawson. 

Great  Western  train  speeds,  1845-1905 Rev.  W.  J,  Scott,  B.  A. 

f  (1)  Mr.  W.  Holt. 

Are  one,  two  or  three  classes  of  carriages  most  desirable?  .     .     .     .     <  (2)  Mr.  H.  D.  Anderson. 

/  (3)  Mr.  A.  W.  Arthurton. 

„    ,  ...,..,  .  ,     .  .    „.  ,  ,  \  Mr.  G.  Lambert-Gibson, 

Harbour  construction  (with  special  reference  to  FishguardJ    .     .     .     j  m  T  r  p 

Wholesale  rer»t«  Retail  trade  from  a  railway  point  of  view     .     .     .     j  \m  ' -o' r' k'    I* 

Some  considerations  in  the  economical  working  of  goods  traffic    .     .     .  Mr.  H.  L.  Bowles. 

The  stores  department  of  a  railway Mr.  W.  H.  Stanier. 

The  duties  of  a  solicitor  to  a  railway  company    ...  ....  Mr.  J.  E.  Bowen. 

Water  softening  for  locomotive  purposes Mr.  Bird. 

,.„        .      .        .  .       1         .     *    .         «...  .     «,  {  Mr.  Lynden  Macassey, 

The  natural,  social  and  service  factors  affectmg  passenger  traffic  .     .     J  m    a     R   <^    T  T     n 

The  Cheap  Trains  Act,  1883 Mr.  S.  A.  Pope. 

The  construction  of  a  new  railway Mr.  A.  C.  Cookson. 

The  electrification  of  the  Hammersmith  and  City  Railway Mr.  Roger  T.  Smith. 

The  International  Railway  Congress,  1905 Mr.  T.  H.  Rendell. 


[  02»  .245  ] 

2.  —  40-ton  wagon  for  the  conveyance  of  boilers, 
large  castings  and  heavy  machinery  over  the  Cheshire  lines  system. 

Figs.  1  and  2,  p.  1630. 
( Ra  iltraj/  G  azette. ) 

To  the  designs  and  specifications  of  Mr.  J.  G.  Robinson,  the  chief  mechanical  engineer  of  the 
Great  Central  Railway  Company,  the  Leeds  Forge  Company,  Limited,  have  lately  constructed  an 
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interesting  type  of  40-ton  bogie  wagon  for  the  conveyance  of  boilers,  large  castings  and  heavy 
machinery  over  the  Cheshire  lines  system. 

The  wagon,  illustrated  in  the  accompanying  photograph  and  diagram  drawing,  has  a  lengthy 
over  buifers,  of  50  ft.  3  in.  and  a  width,  over  headstocks,  of  7  ft.  3  in.  The  wheels  have  a 
diameter  on  tread  of  4  ft.  6  in.  The  bogie  wheel-base  is  6  ft.  3  in.,  and  the  centres  of  bogies 
are  44  ft.  9  in.  apart.  The  distance  from  the  rail  level  to  the  floor  of  the  wmgom  is  i  ft.  8  Vs  JQ* 
The  buffer  height  is  3  ft.  5  V*  in.  from  rails,  and  the  centres  of  bufTcrs  5  ft.  8  Vi  in-  The  jour- 
nals, inside  and  outside,  are  8  inches  by  5  V«  inches,  and  the  centres  of  journals  6  ft.  4  in.  apart. 

The  well  of  the  wagon  has  an  inside  length  of  32  feet,  and  a  width,  over  plates,  of  7  h.  •S  in. 
The  wagon  is  fitted  with  hand  brake  on  one  bogie  only,  applying  one  block  to  each  of  two  wheels 
only,  ^lien  loaded  to  its  full  length,  the  wagon  takes  a  load  of  40  tons,  but  if  only  a  central 
space  of  12  feet  is  utilised,  the  carrying  capacity  is  25  tons. 


[  6ii$  .216  ] 

8.  —  The  Cardwell  friction  draft  gear  and  rooker  side  hearing. 

Figs.  3  to  5,  pp.  ]&£  to  1634. 
[Railroad  Gazette). 

The  Oardwell  friction  draft  gear,  illustrated  herewith,  has  over  200  square  inches  of  friction 
surface  in  contact  in  its  normal  state.  This  increases  as  the  gear  comes  into  action  to  a  maximum 
of  252  square  inches,  the  increasing  surface  contact  being  coincident  with  Increasing  pressure 
from  the  springs.  The  peculiar  feature  of  the  gear  is  the  location  of  the  springs  outside  the  center 
sills,  with  provision  for  the  bodily  movement  of  tJse  same  with  the  central  portion  of  the  gear, 
the  travel  of  which  approximates  one-half  the  total  travel  of  the  coupler.  The  special  advantages 
claimed  for  this  disposition  of  parts,  is  the  availability  of  the  entire  space  between  center  sills 
and  within  coupler  yoke  for  friction  parts ;  and  accessibility  of  the  springs  lor  ready  infipection 


Fig.  3.  —  Cardwell  friction  draft  gear. 

and  repair.  A  broken  spring  can  be  replaced  without  otherwise  disturbing  the  gear,  and  without 
ha\'ing  to  take  the  car  to  the  repair  track.  Ease  of  adjustability,  in  case  of  lost  motion  either 
from  wear  of  the  friction  parts,  or  set  in  the  springs,  is  another  important  advantage,  the  tighten- 
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ing  of  the  outs  4m  the  spring'  rod  being  aO  that  is  neoeesanr.  The..velat)eii  and  interaction  of 
the  friction  parts  is  such  that  acute  ^iied^  angles  are  maintained  throughout  the  range  of  action 
of  gear,  making  it  sensitive  to  the  action  ^f  the  ooupler  -whether  the  bloiws  be  light  or  heayy. 

The  friction  casings  or  pocket  follower  plates  surrounding  the  wedges,  are  malleable  iron. 
The  upper  portion  is  cut  awav  in  the  illustration  so  that  the  heavy  transverse  striking  edges  of 
the  two,  which  limit  the  travel  of  the  gear,  are  not  seen.     The  springs  are  M.  C.  B.  standard. 

The  ultimate  capacity  of  the  gear  is  160,000  lb.  The  accompanying  diagram  of  compression 
test  by  R.  W.  Hunt  &  Co. ,  Chicago,  was  made  primarily  to  determine  the  character  of  the  release 


s 
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Couple)'  travel  in  inches. 
Fig.  4.  —  Compression  test  of  Cardwell  friction  draft  gear. 

curve  and  was  not  carried  up  to  the  capacity  of  the  gear.  This  line  is  practically  vertical  from 
the  maximum,  1*20,000  lb.,  down  to  5,000  lb.  The  gear  tested  had  been  in  active  service  for 
eight  months  on  the  car  from  which  it  was  taken.  In  service  tests  of  the  gear,  loaded  cars  have 
been  run  together  with  relative  velocities  beginning  with  two  miles  jier  hour  and  increasing  to 
18  miles  per  hour  without  damage  to  cars  or  gear.  The  most  practical  test,  however,  is  the 
results  yielded  from  its  use  on  a  thousand  cars  in  service  for  more  than  a  year  without  repairs 
to  the  gears. 

Four  classes  are  made.  Class  A  is  for  wooden  cars.  In  the  application  to  the  same,  V«  inch 
metallic  draft  plates,  extending  from  end  sill  over  body  bolster  and  bolted  to  end  and  center  sills 
and  bolster,  arc  used.  Class  B  is  for  interchange  with  twin-spring  gears.  It  is  the  type  shown 
in  the  illustration.  Class  C  takes  the  standard  spacing  recommended  by  the  M.  C.  B.  Association 
for  friction  gears.  It  has  longer  pocket  follower  plates  than  Class  B.  Class  U  is  a  special  design 
for  application  to  Union  Tank  Line  cars,  taking  a  draft  lug  spacing  of  23  */j  inches. 
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The  Cardwell  rocker  side  bearing,  one  style  of  which  is  illustrated  herewith,  is  quite  simple, 
being  made  in  three  parts,  namely,  the  rocker  and  the  carrier  for  the  same,  the  latter  having  a 
detachable  side  to  permit  insertion  and  removal  of  rocker.    It  will  be  observed  that  the  rocker  has 
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Fig.  5.  —  Cardwell  rocker  side  bearing. 

a  rolling  bearing  with  the  carrier  plate,  giving  rolling  contact  top  and  bottom,  and  thus  minimizing 
friction.  Also,  the  rolling  top  bearing  materially  increases  the  travel  of  the  rocker.  In  the  style 
illustrated,  there  is  a  top  centering  lug,  and  the  action  is  such,  that  when  the  rocker  is  released 
from  contact  with  the  truck  bearing,  its  own  weight  brings  it  back  to  the  center  of  the  slotted 
openings  in  which  it  rolls.  All  of  the  parts  are  strong  and  its  action  is  positive.  The  top  portion 
or  carrier  is  made  of  malleable  iron  and  the  rocker  of  cast-iron.  It  weighs  about  12  lb.  It  is  in 
service  on  a  considerable  number  of  cars  and  is  understood  to  be  giving  entire  satisfaction. 

Both  of  the  devices  described  in  the  foregoing  are  made  by  the  Cardwell  Manufacturing  Com- 
pany, Chicago. 


[  621  .i33.7  ] 

4.  —  Tender  water  scoop,  Great  Eastern  Eailway. 

Figs.  6  to  8,   pp.   1635  to   1637. 
[The  Locomotive  Magazine.) 

By  the  courtesy  of  Mr.  James  Holden,  the  locomotive,  carriage  and  wagon  superintendent  of 
the  Great  Eastern  Railway,  we  are  able  to  show  herewith  a  series  of  detail  drawings  illustrating 
the  gear  for  picking  up  water  applied  to  the  tenders  of  main  line  locomotives  on  that  railway. 
The  scx)op  is  operated  by  means  of  compressed  air  supplied  from  the  air  reservoir  of  the  brake 
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apparatus,  which  is  for  this  purpose  divided  into  two  compartments,  one  of  which  receives  com- 
pressed air  from  the  Westinghouse  pump,  and  supplies  power  to  the  scoop  and  other  gears, 
whilst  the  other  compartment  stores  air  for  the  brake  only,  which  is  delivered  from  the  first 
compartment  through  a  non-return  valve  placed  on  a  pipe  connecting  the  two  resej'voirs.  Both 
reservoirs  are,  therefore,  available  for  the  supply  of  brake  power,  but  only  the  first  portion  can 
be  drawn  upon  to  supply  power  for  the  scoop  and  other  gears,  thus  preventing  risk  of  an 
unintentional  application  of  the  brake. 

The  operation  of  picking  up  water  is  performed  as  follows  :  The  handle  T  of  the  control  valve 
is  moved  from  the  normal  position  as  shown,  to  the  position  marked  **  down  ' '.  This  causes  air 
under  pressure  to  be  admitted  by  the  pipe  S  from  the  air  reservoir,  through  the  control  valve 
and  pipe  I  to  the  top  of  the  piston  in  the  cylinder  A;  the  scoop  is  then  pressed  down  into  the 
through  by  the  descending  piston,  and,  the  engine  being  in  motion,  the  water  in  the  trough  is 
forced  up  the  scoop  N  and  uptake  0  into  the  tender  tank. 

Enough  water  having  been  gathered  up,  the  handle  is  now  placed  in  the  position  marked 
*'  up  ".  This  opens  the  top  side  of  piston  to  exhaust  and  permits  pressure  to  be  transmitted 
through  the  pipe  U  to  the  underside  of  the  piston,  which  ascends  and  lifts  scoop  out  of  trough. 
By  then  replacing  the  handle  in  the  central  or  normal  position,  the  air  is  allowed  to  pass  freely 
from  the  cylinder,  and  the  scoop  is  maintained  in  the  **  up  "  position  by  means  of  the  coil 
springs  M. 


Fig.  6.  —  Details  of  cylinder  and  water  scoop. 

The  air  cylinder  A  (fig.  6),  consists  of  two  parts,  a  working  position  B  and  a  dashpot  C. 
Passages  D  and  E  admit  pressure  to  the  bottom  and  top  of  the  cylinder  respectively.  In  the  top 
of  the  dashpot  are  two  small  ports  F,  and  lower  down  four  larger  ones  marked  G.  A  piece  of 
wood  H  is  interposed  between  the  pistons  to  reduce  the  volume  of  air  used.  The  reason  for 
forming  the  dashpot  at  the  cylinder  instead  of  at  the  control  valve,  is  to  provide  a  quicker  action 
in  working.     To  make  the  down  stroke  and  lower  the  scoop,  Uir  is  admitted  to  passage  E  (fig.  7), 
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and  the  piston  in  its  descent  pushes  the  scoop,  to  which  it  is  attached  bj  links  L,  into  the  trough. 
These  links  L  are  provided  with  a  slot  J,  and  when  the  scoop  is  first  lowered  into  the  trough  the 
pin  K  is  at  top  of  slot,  but  as  the  resistance  of  the  water  hicreases,  the  scoop  is  drawn  deeper  into 
the  trough,  with  the  result  that  more  water  is  supplifxl  to  the  tender. 


Fig.  7.  —  Enlarged  riew  o(  cylinder. 

The  **  up  "  stroke  is  performed  by  opening  the  passage  E  to  exhaust  through  the  control 
valve  and  admitting  air  to  the  bottom  of  the  piston  through  D.  As  the  piston  ascends  it  lifts  the 
scoop  out  of  the  trough.  During  this  stroke,  the  air  above  the  piston  is  exhausting  through  the 
passage  E  and  port  G.  As  soon  as  the  ports  G  are  covered  up,  the  remaining  air  escapes  slowly 
through  ports  F,  and  provides  the  cushioning  necessary  to  prevent  damage  to  the  pistons  from 
shock. 

In  the  normal  position,  when  there  is  no  pressure  in  the  cylinder,  the  scoop  is  held  up  into 
the  shield  V  by  coiled  springs  M.  The  set  bolts  Z  are  to  maintain  the  scoop  in  its  correct 
position  with  relation  to  the  bottom  of  the  trough,  having  regard  to  the  wear  of  the  tender 
wheels.     The  average  amount  of  water  picked  up  on  passing  over  a  trough  is  1 ,900  gallons. 
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[  6I$6  ,215  ] 

5.  —  The  lighting  of  Victoria  station. 

Fig.  9,  p.  1638. 
{ The  Engineer,) 

Not  the  least  interesting  feature  of  the  new  Victoria  station,  a  large  portion  of  which  was 
opened  last  Sunday,  is  the  manner  in  which  the  lighting  of  it  has  been  affected.  This  point 
received  the  careful  consideration  of  the  directors,  who  had  to  decide  between  high-pressure  gas 
lighting  and  flame  arc  lamps,  and  their  decision  was  in  favour  of  the  former.  The  station, 
when  complete,  will  be  lighted  by  nearly  400  lamps,  varying  from  175  to  1,000  candle-power, 
and  giving  a  total  light  of  140,000  candle-power.  Gas  is  supplied  at  a  pressure  of  50  inches 
from  two  Sale-Onslow  compressors,  each  capable  of  delivering  5,500  cubic  feet  per  hour,  driven 
by  gas  engines,  the  plant  being  duplicated  throughout,  and  the  shafting  so  arranged  that  either 
engine  can  drive  either  or  both  compressors,  in  order  to  guard  against  the  possibility  of  break- 
down. Two  smaller  compressors  that  can  be  run  from  the  same  shafting,  have  been  fixed  for 
use  when  only  a  small  number  of  lights  are  in  use.  The  compressors  are  supplied  through  two 
500-light  dry  meters  (George  Glover),  interconnected  and  by-passed,  which  are  fed  by  a  6  inches 


Fig.  9.  —  Gup  and  ball  joint. 

The  platforms  are  lighted  by  Sugg*s  **  Chertsey  **  pattern  lamps  of  350  candle-power,  except 
in  the  case  of  those  on  either  side  of  the  carriage  drive,  which  are  lighted  by  lamps  of  500  candle- 
power.  The  lamps  are  placed  one  between  each  pair  of  columns  carrying  the  roof,  so  that  there 
is  an  entire  absence  of  shadow.  The  distance  between  the  lamps  is  about  50  feet,  measuring 
along  the  platform,  and  they  are  hung  so  that  the  burners  are  about  12  feet  from  the  platform 
level.  The  lamps  lighting  each  of  the  platform  sections,  are  controlled  by  two  taps  placed  at  the 
end  of  the  section,  each  tap  controlling  alternate  lamps.     To  enable  this  to  be  done,  dual  services 
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have  been  run,  with  a  third  independent  service  for  the  by  pass  supply.  A  special  cup-and-ball 
joint  shown  in  the  figure  9,  is  used  for  connecting  the  down-rod  of  each  lamp  to  one  of  the 
two  main  supplies  and  to  the  by-pass  service,  the  one  cup-and-ball  serving  for  the  two  connec- 
tions. Each  lamp  is  connected  to  the  down-rod,  supplying  it  by  a  cup-and-ball,  so  that  the 
effects  of  vibration  on  the  mantles  are  reduced  to  a  minimum.  A  special  mercurial  seal  is  fitted 
to  each  down-rod  to  prevent  air  getting  into  the  pipes  when  the  gas  is  shut  off  at  the  **  distant- 
control  ' '  tap.  The  down-rod  is  also  fitted  with  taps  to  enable  any  lamp  to  be  removed  without 
shutting  off  the  supply  to  the  platform  generally.  Each  section  of  the  by-pass  services  is  fitted 
with  a  governor  regulating  the  pressure  to  2  inches.  The  by-passes  are  completely  extinguished 
by  the  action  of  lighting  the  lamps. 

The  station  yard  beyond  the  platforms  is  lighted  by  four  **  Belgravia  "  lamps  —  each 
1 ,000  candle-power  —  on  weldless  steel  colunms,  two  25  feet  and  two  30  feet  high,  the  lamps 
being  worked  by  **  distant-control "  taps,  similar  to  those  used  on  the  platform,  placed  at  the 
base  of  the  columns,  to  avoid  the  necessity  of  climbing  the  ladder  to  light  or  extinguish  the 
lamps.  The  signals,  both  ground  and  post,  are  lighted  by  flat-flame  gas  burners  supplied  from 
the  high-pressure  services  through  double  governors.  The  scheme  for  the  lighting  of  the  station 
as  submitted  to  and  approved  by  Mr.  Charles  L.  Morgan,  engineer  to  the  railway  company,  was 
prepared  by  the  Gas  Light  and  Coke  Company;  the  work  of  installation  was  accordingly 
entrusted  to  them,  and  is  being  carried  out  by  their  contractors  —  Messrs.  Sugg  &  Co.  —  under 
the  direction  of  the  company's  chief  inspector,  Mr.  F.  W.  Goodenough. 


[  6i$6  .281  ] 

6.  —  The  Salisbury  railway  accident  (^). 

{Engineer  in  ff.) 

The  result  of  the  coroner's  inquest  on  the  victims  of  the  Salisbury  railway  accident  was  made 
known  on  Monday,  July  16,  when  the  verdict  announced  was  substantially  in  accord  with  the 
surmises  recorded  in  our  issue  of  the  6^^  inst.  As  we  then  pointed  out,  everything  seemed  to 
indicate  excessive  speed  as  the  cause ;  and  while  we  made  this  assertion  with  all  reserve,  having 
regard  to  the  possibilities  of  failure  of  the  road  or  stock,  we  suggested  that  this  would  ultimately 
be  found  to  have  been  the  cause  of  the  accident.  We  noted  that  this  particular  spot  is  not 
one  suited  to  high  speed,  and  the  whole  of  the  evidence  practically  centred  round  this  one 
question. 

It  appears  from  the  evidence  that  the  curve  is  a  compound  one  of  12  chains  radius,  and  of 
8  chains  radius  at  its  sharpest  part.  The  superelevation  of  the  outer  rail  is  given  as  3  '/«  inches. 
A  check  or  guard-rail  is  also  provided.  Had  the  station  arrangements  allowed  of  it,  it  is  natural 
to  suppose  that  on  a  main  line  a  greater  superelevation  would  have  been  given,  and  the  running 
regulations  relaxed  accordingly;  but  under  the  peculiar  circumstances,  no  more  than  this 
3  V«  inches  was  possible,  and,  therefore,  special  speed-limits  were  ordered  for  this  spot.  It  was 
incidentally  mentioned  at  the  inquiry,  that  200  trips  had  been  made  on  this  curve  to  the  schedule 
in  force,  without  accident,  and  many  witnesses,  some  of  them  good  authorities  on  these  matters, 
stated  that  30  miles  per  hour  would  be  a  safe  speed  here  as  from  18  to  20  miles  per  hour.     If 


(*)  Vide  Bulletin  of  the  Railway  Congress,  No.  8,  August,  1906,  p.  1341. 
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the  generally  accepted  formula  for  the  i^ation  of  safe  speed  to  auperekmatiooi  be  Ukea,  it  will 
be  found  that  in  the  ca<^e  of  a  curve  of  8  chains  radius  the  speed  allowable  woiiUi  be  oalj 
21  Vi  n^iles  per  hour*  and  for  one  of  12  chains  radius  with  3  '/i  inches  supereleyation  a  rate  of 
26  */j  miles  per  hour  would  be  permissible.  This  formula,  it  must  be  allowed,  jm  but  an  empire 
ical  one,  and  is  not  absolute,  but  merely  an  approximation  to  afiord  a  guide  in  problems  which 
are  extremely  difficult  to  solve  with  exactitude.  A  train  running  at  excessive  speed  on  a  curve 
does  not  overturn^  but  the  flanges  striking  the  curve  are  apt  to  mount  the  rail,  and  so  cause 
derailment.  It  is,  therefore,  possible  that  the  speed  allowed  by  competent  authorities  at  this 
curve  is  not  excessive,  and,  in  view  of  the  fact  that  trains  have  for  years  been  in  the  habit  of 
passing  this  place  at  30  miles  an  hour  in  safety,  this  limit  seems  perfectly  workable.  Below,  we 
deal  with  the  actual  limits  in  force,  but  we  would  point  out  that  die  running  schedule,  in  which 
time  allowance  was  provided  sufficient  to  give  a  speed  of  only  26  miles  at  this  spot,  did  not,  it  was 
expressly  stated,  cancel  the  30  miles  an  hour  regulation. 

Taking  then,  for  the  moment,  30  miles  an  hour  as  the  permissible  speed,  let  us  look  at  the 
actual  speeds  of  this  trip.  The  superintendent  of  the  line,  basing  his  remarks  on  the  times 
booked  by  the  signalmen  in  the  cabins  along  the  road,  stated  that  the  speeds  worked  out  as 
follow  :  Between  Tisbury  and  Dinton  the  figures  show  an  average  speed  of  64  miles  an  hour ; 
between  Dinton  and  Wilton  the  speed  averaged  nearly  70  miles  per  hour ;  and  between  Wilton 
and  Salisbury  West  it  came  out  at  68  */t  miles  per  hour.  These  speeds  are  admittedly  safe  on 
these  sections.  The  distance  of  Wilton  from  Salisbury  West  box  is  2  miles  and  24  chains,  and 
for  the  first  portion  of  this  section  the  road  is  uphill,  and  the  engine  and  train  would,  under 
ordinary  circumstances,  lose  speed.  For  more  than  a  mile,  however,  into  Salisbury  the  road 
falls,  the  greater  part  of  this  descent  being  on  a  gradient  of  1  in  115.  On  this  portion,  there- 
foi'e,  it  is  evident  that,  in  order  to  reach  the  average  of  68  ^/j  miles  per  hour,  the  train  was 
actually  travelling,  towards  the  close  of  this  section,  at  a  still  higher  speed.  This,  however,  in 
itself  would  be  no  cause  for  accident,  for,  although  the  distance  between  the  west  and  east  boxes 
is  no  more  than  755  yards,  the  speed  could  have  easily  been  brought  down  in  this  distance  to  the 
limit  allowed. 

It  is  at  this  point  that  all  endeavours  to  clear  up  the  subject  collapse  miserably,  and  the 
conduct  of  the  driver,  to  which  the  accident  was  distincly  traceable,  is,  and  promises  to  remain 
inexplicable,  for  we  are  met  with  clear  and  distinct  evidence  on  the  part  of  the  guard  that  the 
brakes  were  not  applied  in  order  to  bring  the  speed  down.  The  guard,  in  fact,  was  so  aston- 
ished at  the  usual  reduction  being  ignored,  that,  by  his  hand-brake,  and  subsequently  by  the 
vacuum-brake,  he  drew  the  driver's  attention  to  the  fact.  The  evidence  of  the  guard  is  supported 
by  that  of  the  chief  assistant  to  the  mechanical  engineer,  that  the  driver's  handle  of  the  vacuum- 
brake  was  in  the  "  running  '*  position  when  he  examined  the  wrecked  engine.  This  witness 
also  stated  that  the  regulator  was  closed  and  steam  shut  off;  but  cutting  off  steam  alone  would 
have  been  insufficient  to  reduce  the  speed  by  the  desired  amount,  especially  in  view  of  the  falling 
gradient  just  west  of  the  station. 

Here,  then,  the  matter  ends.  A  jury  returns  the  verdict  of  excessive  speed,  and  for  this  the 
company  Is  responsible,  as  it  was  due  to  the  actions  of  their  employes.  But  at  this  point  we 
differ  from  the  finding  of  the  jury,  and  cannot  concur  in  their  decision  that  blame  attaches  to 
the  railway  company.  That  the  company  were  responsible  we  will  allow,  but  not  guilty,  and  for 
these  reasons  :  In  ordinary  circumstances,  a  line  having  been  laid  out,  the  locomotive  and  traffic 
departments  have  to  arrange  to  work  in  accordance  with  its  requirements,  and  in  this  instance, 
it  is  easily  shown  that  the  required  precautions  were  taken.     The  permanent-way  department 
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here  had  to  lay  out  a  sharp  curve  (under  the  special  circumstances  unavoidable),  and  the  limit  of 
speed  of  30  miles  an  hour  was  imposed.  We  now  turn  to  see  what  steps  were  taken  bj  the 
locomotive  department  to  ensure  the  safe  working  of  this  section,  and  we  find  that  the  drivers 
had,  as  is  customary,  been  required  to  attach  their  signatures  to  a  notice  of  April  20,  1904, 
which  notice  regulated  the  speed  to  30  miles  per  hour  at  this  point.  Further,  two  other  notices 
were  issued,  one  in  May  and  one  in  June  of  the  year  1904,  in  which  it  was  impressed  upon  the 
drivers  that  they  were  to  run  to  schedule  time,  and  that  greater  speeds  than  those  would  be  met 
with  disapproval,  and  be  punished  by  the  drivers  being  taken  off  the  trip.  Finally,  subsequent 
time-tables  and  running  schedules  were  drawn  up,  whereby  time  sufficient  was  allowed  between 
the  west  and  east  boxes  to  result  in  a  speed  of  only  26  miles  per  hour.  In  these  schedules,  to 
which  drivers  must  adhere  under  pain  of  punishment,  the  times  are  carefully  mapped  out  all 
along  the  route  from  start  to  finish,  from  section  to  section,  and  not  given  in  the  form  of 
through  times  from  start  to  finish.  In  fact,  these  schedules  alone,  coupled  with  the  penal 
clause,  should  be  sufficient  to  obtain  desired  speeds  without  the  use  of  notices  or  similar  methods. 
The  permanent-way  department,  then,  are  clear  of  responsibility,  and  it  is  evident  that  the 
locomotive  and  traffic  departments  also  took  what  may,  in  all  reason,  be  considered  sufficient 
steps  to  ensure  safe  working.  They  cannot,  in  view  of  these  facts,  be  held  guilty," yet  the  jury 
say  that  the  driver's  attention  was  not  specially  directed  to  the  regulations  in  force  for  this  spot 
before  he  set  out.  As  if  that  were  the  only  place,  indeed,  where  a  reduction  of  speed  was 
advisable.  Are  men  in  future,  when  signing  on  each  day,  to  have  read  out  to  them  all  the  speed 
regulations,  slows,  etc.,  for  that  particular  length  of  road  on  which  they  are  to  run?  Drivers 
would  have  to  get  down  to  the  sheds  early  enough  indeed,  and  special  clerks  be  employed  for  this 
especial  duty.  The  suggestion  is  manifestly  absurd,  for  cases  often  arise  in  which  engines  are 
put  on  to  trains  under  circumstances  when  such  care  would  be  impossible,  as,  for  instance,  pilot 
engines  at  stations.  The  men  are  kept  informed  by  notices,  and  other  means,  of  speeds 
allowftUe,  and  it  is  part  of  their  duty  to  keep  themselves  well  posted  in  these  matters,  so  that 
each  may  be  ready  to  perform  whatever  duty  he  is  selected  for,  instead  of  h&ving  to  be  coached 
up  especially  with  information,  for  each  trip.  We  hold,  then,  that  the  company  should  be 
considered  blameless.  From  the  time  a  train  starts,  the  driver  is  master  of  the  situation.  He 
may  run  past  signals,  or  behave  in  any  other  injudicious  manner » and  the  company  cannot  avoid 
the  consequences,  but  simply  has  to  accept  them.  In  this  particular  instance,  a  man  of  experience 
and  of  steady  charactc^r  was  chosen  —  one  who  had  a  good  record.  The  company  could  do  no 
more,  and  we  consider  that  the  rider  added  to  the  verdict  casts  a  most  undeserved  and  unreason- 
able slur  on  the  character  of  the -company  and  its  responsible  officials. 
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O  B  I  O?  TJ  J^  K,  "X" 


Fr-ancis  Willieim  WEBB, 

Late  chief  mecliauieal  eugiueer  to  the  Londou  &  North  Western  Railway, 
Delegate  to  the  sessions  of  the  Railway  Congress  in  London  {1895}  and  Paris  (1900). 

Mr.  F.  W.  Webb,  late  chief  mechanical  engineer  to  the  London  &  North  Western 
Railway,  who  played  an  important  pari  in  the  English  railway  world,  died  on  the  4^^  of 
June  at  Bournemouth,  from  a  disease  that  had  threatened  him  for  some  time  and  that 
obliged  him  to  retire  three  years  ago. 

Mr.  Webb  assisted  in  iYn*  labours  of  the  Congress  during  its  fifth  and  sixth  sessions 
and  those  of  our  readers  who  were  present  at  the  London  meeting  will  remember  the 
share  he  took  in  discussing  the  subject  of  locomotives  for  express  trains. 

Amid  the  bevy  of  brilliant  men  at  the  head  of  the  locomotive  departments  of  the 
English  railways,  Mr.  Webb  shone  in  the  first  rank  and  be  must  be  regarded  as  one  of 
the  remarkable  mechanical  engineers  of  our  time. 

To  Mr.  Webb  we  owe  a  number  of  useful  inventions  relating  to  all  the  branches  of 
railway  operation  and  especially  to  improvements  in  the  various  parts  of  the  locomotive ; 
but  it  is  above  all  with  the  development  of  the  compound  locomotive  that  his  name  will 
always  be  associated.  From  the  time  be  reached  the  head  of  the  locomotive  department 
on  the  North  Western,  he  interested  himself  in  this  subject  and  he  set  to  work  to  convert 
one  of  the  company's  old  engines  into  a  Mallet  compound.  In  1881 ,  he  designed  his  first 
six  wheel  compound  which  he  called  the  Experiment  and  this,  like  all  the  engines  of 
the  same  type  built  at  Crewe  during  the  ten  subsequent  years,  had  two  uncoupled 
driving  axles;  the  rear  axle  was  actuated  by  the  two  high  pressure  cylinders  situated 
outside  the  frames,  whilst  the  front  pair  of  driving  wheels  was  driven  by  the  single 
inside  low  pressure  cylinder  placed  beneath  the  smoke  box.  In  i897,  Mr.  Webb  inti*o- 
duced  his  four  cylinder  compounds,  four-coupled  engines,  with  a  leading  bogpe.  These 
ran  exceedingly  satisfactorily  and  are  still  all  working.  Lastly,  the  Crewe  shops  have 
turned  out  a  great  many  four  cylinder  eight-wheels  coupled  compound  goods  locomo- 
tives, designed  by  Mr.  Webb.  Mr.  Webb's  work  has  been  severally  criticized;  even 
before  his  death,  he  had  the  vexatious  experience  of  seeing  some  of  his  patterns  absol- 
utely abandoned  and  the  engines  scrapped.  But  none  will  deny  the  magnitude  of  the 
results  he  obtained  and  these  were  due  not  only  to  his  ability  but  al&o  to  his  perseve- 
rance and  self-confidence. 
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He  was  accused  of  being  an  autocrat  because  he  demanded  of  his  subordinates  com- 
plete submission  to  his  orders  and  his  ideas,  and  because  he  would  hardly  brook  any 
interference  within  his  own  sphere  from  the  officials  of  other  departments.  He  thus 
enjoyed  more  power  than  any  other  mechanical  engineer  in  the  United  Kingdom.  He  was 
however  universally  respected,  and  every  one  bore  testimony  to  his  unfailing  courtesy. 

He  was  a  glutton  for  work,  and  within  thirty-one  years  more  than  4,000  locomotives 
were  designed  by  him  and  built  under  his  supervision. 

His  father  was  a  clergyman  and  he  was  born  in  1835.  At  the  age  of  i6,  he  entered 
the  Crewe  works  as  a  pupil  of  the  late  Francis  Trevithick,  the  first  locomotive  super- 
intendent of  the  London  &  North  Western.  In  1859,  Mr.  Webb  became  chief  draughts- 
man at  the  Crewe  shops,  and  in  1861,  when  he  was  26,  we  find  him  at  the  head  of  this 
department.  In  1866,  he  left  the  company's  service  to  become  manager  of  some 
Lancashire  steel  works,  but  in  1871  he  succeeded  Mr.  Ramsbottom  as  chief  mechanical 
engineer  to  the  London  &  North  Western,  a  position  which  hf  occupied  until  his  retire- 
ment in  1903. 

Mr.  Webb  was  one  of  the  vice-presidents  of  the  English  Institute  of  Civil  Engineers. 

The  Managing  Committee, 
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DEMOULIN  (Maurice),  locomotive  engineer,  French  Western  Railway.  —  La  loeomotiTO  aotaelle. 
£tade  g6nenU  sur  les  typ^s  r^oents  de  locomotives  i  j^ande  paissanoe.  Complennent  aa  traite 
pratique  de  la  machinelooomotive.  (The  present  locomotive.  General  study  of  recent  types  of 
high-power  locomotives.  Supplement  to  the  practical  treatise  on  the  locomotive  engine.)  — 
One  octavo  volume  (28  x  20  centimeti^s  [11x8  inches]  comprising  333  pages,  40  plates, 
and  132  figures  in  the  text.  —  1906,  Paris,  Ch.  Beranger,  publisher.  —  Price  :  bound, 
40  francs  (£1.125.). 

Mr.  DemouUn's  new  volume  is  a  supplement  to  his  Traite  pratique  de  la  machine-loco- 
motive, a  review  of  which  appeared  at  the  time  in  the  Bulletin  (*).  Considerable  develop- 
ments have  taken  place  in  locomotive  conslruclion  since  then.  Owing  to  the  augmentation 
of  traflfic,  the  increase  in  loads  and  speeds,  engineers  have  had  to  pay  particular  attention 
to  increase  in  power,  and  Mr.  Demoulin  states  with  much  reason  that  '*  the  modern  loco- 
motive is  more  especially  characterized  by  increased  power,  due  to  increase  in  grate  area 
and  heating  surface,  in  cylinder  capacity,  in  adhesive  weight  and  in  working  pressure,  and 
to  improved  utilization  of  the  compound  principle  and  of  superheated  steam...  " 

A  study  of  modern  types,  carried  out  from  this  point  of  view  by  so  well-informed  an 
engineer  as  Mr.  Demoulin,  is  thus  of  very  great  interest,  and  will  be  very  much  appreciated 
by  all  who  wish  for  general  information  On  the  subject  of  the  powerful  engines  of  to-day. 

The  author  in  his  first  chapter  examines  the  principal  types  in  use  at  present,  and  the 
general  designs  and  methods  of  construction  which  different  engineers  favour.  The  parti- 
culars given,  in  this  chapter,  about  the  arrangement  and  the  size  of  the  fire-box,  are  of 
special  interest;  it  is  on  them  that  the  increase  in  power  in  the  first  place  depends. 

The  second  chapter  deals  with  the  increase  in  the  useful  horse-power  of  the  locomotive, 
and  here  we  note  an  interesting  analysis  of  the  compound  system  and  of  superheating.  In 
spite  of  the  care  and  of  the  impartiality  with  which  the  author  explains  the  relative  advan- 
tages of  the  two  systems,  we  feel  that  he,  on  the  whole,  prefers  compounding.  If  the  super- 
heating were  reduced  to  the  lower  degree  of  drying  the  steam,  some  uncertainty  would 
disappear,  and  Mr.  Demoulin  expresses  the  opinion  that  slight  superheating  in  connection 
with  compounding  will  probably  give  the  theoretically  most  economical  solution. 

''  As  the  high-power  locomotive  of  the  future,  it  is  now  fairly  certain  ",  the  author  states, 
*'  must  have  four  cylinders,  it  would  hardly  be  rational  not  to  construct  it  on  the  compound 


(*)  See  Bulletin  of  the  Railway  Congress,  No.  6,  June,  1898,  p.  709. 
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"  principle.  Consequently  superheating  proper,  with  all  its  risks,  becomes  a  fjiclor  of 
**  minor  importance;  its  only  object  would  be  to  improve,  to  a  very  limited  extent  (perhaps 
*'  not  more  than  from  3  to  5  per  cent),  the  economy  of  the  compound  engine,  but  then  also 
**  its  risks  and  its  difficulties  would  disappear.  On  the  other  hand,  the  future  will  show 
"  whether  the  addition  of  such  complicated  appliances  as  superheaters  which  j)robably 
'•  require  somewhat  careful  maintenance  is  of  any  real  use,  when  the  increased  economy 
"  attained  by  their  use  is  so  limited  in  extent. 

''  The  application  of  superheat  seems  to  involve  greater  expense  for  an  equal  number  of 
*'  cylinders,  than  that  of  the  compound  system,  as  we  will  show  further  on,  as  it  includes 
'*-  the  superheating  apparatus  and  the  different  accessories  necessary.  The  cost  of  a  two- 
*"  cylinder  compound,  using  saturated  steam,  will  be  lower  than  that  of  a  locomotive  using 
**  superheated  steam;  and  if  we  try  with  one  of  the  latter  to  obtain  the  advantages  which 
•'  result  from  the  use  of  four  cylinders,  its  cost  will  be  greater  ihan  that  of  a  compound 
•"  locomotive  with  four  cranks.  " 

We  might  feel  tempted  to  remark  that  the  conclusions  to  be  drawn  from  the  precedinj? 
statement  are  perhaps  rather  premature,  as  superheating  is  still  of  somewhat  recent  dale, 
and  sufficient  careful  and  accurate  observations  have  not  yet  been  made,  as  comparetl  with 
compounding,  to  be  able  to  form  a  conclusive  opinion.  But  as  Mr.  Demoulin  carefully 
avoids  any  dogmatic  conclusions,  we  cannot  find  fault  with  him  on  this  point. 

The  following  chapters  (III  to  iX)  contain  an  interesting  series  of  monographs  on  modern 
types  of  European  (French,  English,  Belgian,  German,  etc.)  and  American  locomotives. 
There  we  find,  carefully  arranged,  a  mass  of  useful  information  collected  from  different 
publications. 

The  author  gives,  at  the  end  of  his  book,  a  number  of  general  conclusions  which  seem 
to  us  to  characterize  very  neatly  the  development  of  the  locomotive  and  these  we  repro- 
duce here  : 

*'  The  present  tendencies,  which  are  becoming  more  and  more  marked,  and  allow  some 
**  fairly  definite  conclusions  as  to  the  future  development  of  the  locomotive  to  be  drawn, 
*'  may  be  summarized  as  follows  : 

**  1®  More  and  more  frequent  and  perhaps  before  long  general  use  of  extended  fire- 
**  boxes  (with  a  grate  area  of  from  3'5  to  4  5  square  metres  [37-68  to  48  44  square  feel]) 
**  with  large  heating  surfaces,  either  of  the  Belpaire  type,  or  wilh  curved  top,  as  much 
*'  curved  as  possible  or  combined  with  the  wagon-top  which  appears  to  be  an  interesting 
''  and  possibly  indispensable  addition. 

'*  2<»  Return  to  smooth  tubes  in  the  case  of  boilers  with  long  barrels.  Adoption  of 
*'  heating  surfaces  proportional  to  the  grate  area;  say  3Cro  square  metres  5,229  square 
''  feet)  and  upwards. 

''  3°  Gradual  increase  in  the  adhesive  weight,  either  by  increasing  the  wheel-loads,  when 
'*  possible,  or  by  increasing  the  number  of  coupled  wheels.  Locomotives  for  fast  trains 
**  will  thus  probably  more  and  more  frequently  have  six  coupled  wheels,  unless  it  proves 
**  possible  to  design  Atlantic  lypes  having  an  adhesive  weight  of  at  least  40  tons. 

''  4**  The  preceding  conditions  will  before  long  involve,  in  Europe,  the  adoption  of  Pacific 
*'  or  Prairie  types  for  quick  trains;  such  types  will  make  it  possible  to  have  six  coupled 
**  wheels,  of  large  diameter,  and  extended  fire-boxes. 

*'  The  Atlantic  type,  if  still  made  in  the  future,  will  necessarily  include  the  extended  fire- 
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'  box;  the  possibilily  of  using  this  constitutes  the  principal  advantage  of  this  type  of 

*  locomotive. 

*'  In  the  case  of  the  goods  service,  the  Consolidation  type  would  appear  to  meet,  for  a 
^  long  time  to  come,  the  requirements  of  the  service;  but  it  is  equally  probable  that  the 
'  use  of  the  extended  fire-box,  or  at  least  of  an  enlarged  fire-box,  with  the  barrel  raised  a 
'  corresponding  amount,  will  become  more  and  more  frequent. 

*'  For  suburban  services,  the  type  with  six  coupled  wheels  between  two  Bissels  or  bogies 

*  tends  to  become  more  general.     A  type  of  the  future  may  also  be  seen  in  the  type  with 

*  six  coupled  wheels  with  a  trailing  four-wheel  or  six-wheel  bogie.     The  wheels  remaining 
'  about  1*6  metres  (5  ft.  3  in.)  in  diameter,  it  will  be  easy  to  have  extended  fire-boxes, 

*  which  are  however  less  necessary^  than  on  other  types  of  locomotives. 

*'  5°  It  also  is  probably  possible  to  forecast  the  general  development  of  a  four-cylinder 
'■  engine  with  the  same  number  of  cranks  either  on  the  same  axle  or  on  two  separate 

*  coupled  axles.     These  engines  may  be  expected  to  be  normally  of  the  compound  type  in 

*  spite  of  the  present  tendency  of  some  makers  to  have  non-compounds  with  four  cylinders. 

*  The  latter  type  will  not  become  more  general  unless  the  use  of  superheated  steam,  really 

*  found  practicable,  becomes  developed  to  the  extent  those  who  favour  it  expect. 

'*  As  regards  compounds,  a  general  increase  in  the  ratio  of  the  high  pressure  to  the  low 

*  pressure  cylinders   may  be  expected.      As  a  consequence  of  this  increase   (2*8   to 

*  3  volumes)  the  valve  gears  may  be  connected,  or  even  only  two  valve  gears  may  be 
'•  used;  this  simplification  would  be  bound  to  become  more  and  more  general. 

*'  To  sum  up  :  however  powerful  and  perfect  the  present  locomotive  may  be,  it  can  as  yet 
'  only  be  considered  as  at  one  of  the  stages  in  its  evolution,  the  further  development  of 

*  which  it  is  easy  to  foresee.  " 

In  conclusion,  we  can  but  repeat  what  we  stated  in  4898,  that  the  actual  execution  of  the 
work  leaves  nothing  to  be  desired.  We  may  add  that  the  clear  and  concise  way  in  which 
the  author  presents  his  analysis  makes  it  pleasant  as  well  as  instructive  to  read. 

A.  H. 
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As  the   information  collected   on  this   question 

was  very  incomplete,  it  was  not  dealt  with. 
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—  by  Mr.  Belleroche 

—  by  Mr.  Hubert 

As  the  information  collected  on  these  questions 
was  very  incompHte,  it  was  not  dealt  with. 
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ITHE  KAPTEYN  APPARATUS  FOR  RECORDING  CONTINUOUS  BRAKE  TRIALS. 

By  A.  FUHR. 

STATE  BNOIXBBR. 

Figs.  1  to  10,  pp.  1649  to  1664. 


{Annalw,  fUr  Oetoerbe  und  Bauioesen.) 


The  brake  trial  recording  apparatus,  with  which  the  new  experimental  carriage  No.  93 
(Prussian  State  Railway)  is  equipped,  differs  from  the  older  types  in  having  a  number  of  new 
measuring  instruments.  One  important  difference  is  that  the  coefficient  of  friction  can  easily  be 
determined  at  any  moment.  It  is  well  known  that  this  coefficient  varies  materially  with  the 
speed,  and  it  is  very  important  to  know  what  it  is,  if  we  are  to  ascertain  how  the  brakes  act. 

The  new  apparatus  (fig.  1)  measures  or  records  automatically  : 

1°  The  air  pressui^e  in  the  brake  cylinder; 
2^  The  air  pressure  in  the  main  pipe; 

3®  The  direct  pressure  exercised  by  the  brake  blocks  on  the  wheel  tires; 
4^  The  tangential  force  resulting  from  the  contact  of  the  brake  blocks  and  tire; 
5<*  The  beginning  of  the  ap[)lication  of  the  brakes  and  the  time  which  elapses  between  opening 
the  driver*s  main  valve  and  the  entrance  of  compressed  air  into  the  brake  cylinder; 
6o  The  length  of  stop; 
1^  The  running  speed ; 
8**  The  time  when  the  brakes  begin  to  be  taken  off. 

The  arrangement  of  the  measuring  and  recording  instruments  is  f  hown  in  figures  2  to  4. 
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Movement  of  the  strip  of  paper. 

The  strip  of  paper  P  on  which  the  records  are  made  starts  from  the  roll  of  paper  A,  passes 
(supported  on  the  table)  under  the  different  recording  pencils  and  is  again  rolled  up  on  the 
drum  E.  Thus  it  moves  from  right  to  left,  i.  e. ,  in  the  reverse  direction  to  that  formerly  adopted ; 
this  makes  it  easy  to  write  in  notes  by  hand  while  the  trial  proceeds.  The  strip  of  paper  is  drawn 
along  })y  the  driving  drum  C,  against  which  another  drum  D  is  pressed  by  a  spring ;  it  is  kept 
stretched  by  the  brake  rod  L.  The  drum  can  be  made  to  revolve  either  by  the  spring 
mechanism  F  (described  in  detail  later  on),  at  a  uniform  speed  of  15  millimetres  (0591  inch)  per 
second,  or  by  the  axle  of  the  vehicle.  In  the  latter  case  either  50  millimetres  or  300  millimetres 
of  travel  of  the  paper  coiTespond  to  each  kilometre  (3- 168  inches  or  1  ft.  7  in.  per  mile)  run  by 
the  vehicle;  a  pinion  gives  the  necessary  adjustment.  The  quicker  travel  is  more  suitable  for 
trials  of  short  duration,  such  as  service  and  emergency  stops;  the  slower  is  more  convenient  when 
ranning  down  long  gradients,  when  it  is  better  to  have  shorter  records,  so  as  to  make  it  <  asy  to 
rcr.dthc  diagrams  and  deal  with  them. 

The  rotary  movement  of  the  axle  is  transmitted  by  a  belt  (which  consists  of  a  helical  spring^  to 
the  driving  pulley  T,  or  by  some  other  convenient  means,  to  the  worm  a.  The  corresponding 
worm  wheel,  the  ratchet  wheel  q,  and  the  bevel  wheel  Ai,  are  firmly  secured  together;  they  run 
free  on  the  main  shaft  as  also  do  the  ratchet  wheel  / «  and  the  bevel  wheel  Aj ;  the  two  latter  wheels 
are  also  fixed  to  each  other.  A  driving  lever  is  fixed  to  the  shaft,  next  to  each  of  the  ratchet 
wheels;  each  lever  carries  the  corresponding  ratchet  pawl  {c^,  cj).  As  the  teeth  of  the  two 
ratchets  are  of  the  same  hand,  either  one  or  the  other  ratchet,  according  to  the  direction  in 
which  the  car  is  running,  is  acting  against  its  pawl  and  hence  drives  the  main  shaft;  thus  there 
is  a  reversing  gear  and  the  shaft  is  always  driven  in  the  same  direction,  no  matter  whether  the 
car  is  running  forward  or  backwards.  The  movement  of  the  main  shaft  is  transmitted,  through 
a  second  worm  b  and  pinions,  to  the  wheel  r»i  or  m^.  When  the  controlling  lever  H  figs.  2 
and  3)  is  placed  so  that  the  sliding  pinion  to  connects  wheels  w  and  wheel  wii,  the  paper  travels 
at  the  one  speed;  when  by  a  slight  lateral  displacement  to  connects  n  and  wj,  at  the  other. 
When  the  lever  H  (fig.  2)  is  in  the  vertical  position,  the  strip  of  paper  does  not  travel ;  when  it 
is  thrown  over  to  the  right,  so  that  the  toothed  wheel  n,  the  pinion  to  and  the  toothed  wheel  o 
are  in  gear,  the  strip  of  paper  is  still  made  to  travel  by  the  main  shaft  acting  through  the 
bevel  wheels  qi  and  gj;  but  the  movement  is  converted  into  a  uniform  one  by  the  spring 
mechanism  F. 

If  trials  are  to  be  made  on  a  train  standing  still,  a  perfectly  uniform  travel  of  the  paper  can  be 
produced  by  turning  the  handle  K ;  any  irregularities  in  the  movement  of  the  latter  are  eliminated 
by  the  spring  mechanism. 

When  a  trial  is  finished  the  driving  pulley  T  can  be  placed  on  a  prolongation  of  shaft  e,  s^o 
that  it  may  be  protected  inside  the  case  (Ti,  in  figure  2).  Similarly  the  handle  K  is  secured 
on  the  pin  N. 

Electromag^Betic  recorders. 

The  exact  time  is  recorded  by  means  of  the  clock  U,  which  by  means  of  two  pinions  operates 
clrciromagnot  Mi  of  pencil  1  every  six  seconds  and  pencil  Mj  every  half  second.  The  re<-ording 
pi'iicils  M3  and  M4  are  in  circuits  in  connexion  with  the  driver's  main  valve;  when  the  handle  is 
ii   the  '*  brakes  on  '*  position  electromagnet  M3  is  excited;  when  in  the  **  brakes  off"  position 
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Fig.  2.  —  Side  view. 

Explanation  of  Germwi  terms  :  AusgesMihaltet  =  Out  of  gear.  —  GleichfOrraiK  =  Uniform  (movemeut;. 
Verftuderlich  =  Variable  (movemeut). 
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Fig.  3.  —  Plan. 

Bxvloim%ion  of  Oerman  terms  :  Batterie  =s  Battery.  —  Bremskontakt  =  Contact  for  brakes  on.  -  LOsekontukt  =  Contact  for  brakes  ort. 

Vom  FQhrerbremsvcntil  =  From  driver's  valve. 
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Fi{^.  4.  —  Sectiou  tlirougli  X-X. 


Fig.  5. 


Diameter  to  which  jn-essure  is  applied  =  250  millimetres  (9  "Vj  Inches). 
Surface  to  which  pressure  is  aiti)liefl  =  490  square  ceuiimetres  (75*^  square  inches'. 


Fig.  6. 

Explanation  of  German  terms  :  Ausstr6mung  =  Exhaust.  —  Vom  Hilfsluftbehftlter  =  To  auxiliary  reservoir. 

Zum  Indicator  =  To  indlciitor. 
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electromagnet  M^  is  excited.  Thus  pencil  3  records  the  beginning  of  the  time  when  the  brakes 
are  applied,  and  pencil  4  when  the  brakes  are  beginning  to  be  taken  off. 

Switchboard  B,  figur^  3,  shows  how  the  connections  are  made.  All  the  other  conductors  to 
the  electromagnets,  etc.,  are  permanently  fixed  inside  the  stand,  and  thus  are  protected.  The 
switch  J  makes  it  possible  to  turn  on  or  switch  off  the  current  to  all  the  measuring  appliances 
simultaneously. 

The  seconds  clock  can  be  started  or  stopped,  as  desired  by  means  of  the  small  lever  A,  quite 
independently  of  the  other  appliances. 

Pencil  5  records  the  readings  of  the  Amsler  speed  gauge  G,  and  thus  gives  the  speed  curve, 
whereas  pencils  6  and  7  draw  the  zero  lines  for  the  speed  and  for  the  indicator  diagrams. 


Indicators. 

In  order  to  measure  the  variations  in  pressure  while  the  brakes  are  on,  the  indicators  I,  II,  III 
and  IV  are  used ;  the  two  latter  show  the  variations  in  the  brake  cylinder  and  the  main  pipe. 
No  separate  indicator  was  provided  for  determining  the  pressure  in  the  auxiliary  reservoir,  for  in 
the  majority  of  cases  the  determination  of  this  pressure  was  of  no  special  importance.  Moreover 
this  pressure  is  equal,  in  the  case  of  service  stops,  to  that  in  the  main  pipe;  in  the  case  of  urgency 
stops,  to  that  in  the  brake  cylinder.  If  in  special  cases  it  is  also  desirable  to  determine  thn 
variations  in  pressure  in  the  auxiliary  reservoir,  indicator  I  or  II  may  be  used  for  the  purpose. 
These  are  connected  with  special  dynamometers  and  are  intended  to  record  the  pressure  on  the 
brake  blocks  and  the  resulting  friction.  The  ratio  of  these  two  quantities  represents  the 
coefficient  of  friction. 

In  order  to  facilitate  the  examination  of  the  diagrams,  the  apparatus  has  a  metal  rule  with 
scales  corresponding  to  the  different  indicator  springs,  engraved  at  suitable  intervals.  If  an 
indicator  is  not  used,  all  that  is  necessary  is  to  raise  the  catch  a  little  so  that  a  small  stop  can 
cater  a  notch  in  the  head  of  the  indicator  and  keep  the  slide  and  pencil  in  this  inclined  position. 
[See  fig.  2,  indicator  II.) 

Air  dynamometers. 

The  construction  of  these  dynamometers  is  shown  in  figures  5  and  6.  Their  connection  with 
the  brake  gear  is  shown  diagramatically  in  figures  7  and  8 ;  it  must  be  designed  to  suit  the  type 
of  frame  used. 

The  cast  iron  body  K  (fig.  5)  is  closed  above  by  an  elastic  plate  P  secured  from  the  outside  by 
a  ring;  and  this  plate  has  a  boss  underneath,  in  whicJi  the  end  of  the  rod  D  rests.  Three  tubes 
lead  out  of  the  inside  of  the  box  [see  plan,  fig.  6);  one  goes  to  the  indicator,- the  other  to  an  air 
reservoir,  and  the  third  communicates  with  the  outer  air  through  the  valve  A  which  is  held  down 
by  a  spring.  The  pressure  of  air  in  the  auxiliary  reservoir,  which  is  fed  by  the  main  pipe  through 
a  relief-valve,  must  be  sufficiently  great  to  enable  a  force  to  be  applied  to  the  elastic  plate,  capable 
of  counterbalancing  that  of  the  rod,  when  the  latter  is  to  be  measured. 

When  a  force  is  applied  to  the  rod,  the  elastic  plate  is  pressed  downwards ;  the  admission 
valve  E  is  opened  and  compressed  air  from  the  air  reservoir  continues  to  enter  the  box  until  the 
pressure  of  air  inside  counterbalances  the  force  on  the  rod.  As  soon  as  this  force  decreases,  the 
plate  rises  and  the  cranked  lever  H  opens  the  valve  A  which  allows  air  to  escape  until  the  pressure 
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is  sufficiently  reduced  to  re-establish  equilibrium.     The  screw  S  of  the  crauked  lever  enables  the 
position  of  equilibrium  to  be  adjusted  with  great  nicety. 


Fig.  7.  —  Arrnngement  of  air 
dynamometer. 


Fig.  8.  —  Air  dynamometer  and  gear 
operating  it. 


Instrument  for  measuHng  the  length  of  stop. 

The  length  of  stop  is  measured  by  a  counter  Z,  operated  by  a  small  roller  I  which  is  in  contact 
with  the  disk  S  {fig.  2).  This  disk  is  fixed  to  a  shaft  e  which  is  operated  by  the  main  shaft 
through  bevel  gear.  As  the  electromagnet  Ms  is  on  the  same  circuit  as  the  recording  electro- 
magnet Ms  which  shows  when  the  brakes  are  put  on,  the  roller  is  pressed,  as  soon  as  the  brakes 
are  put  on,  against  the  disk  S  and  continues  to  revolve  until  the  car  stops.  It  is  easy,  by  varying 
the  position  of  the  roller  I  in  the  direction  of  its  axis,  to  adjust  the  rolling  circle  so  that  for  a 
given  diameter  of  wheel  the  counter  records,  in  metres,  the  distance  travelled.  A  micrometer 
screw  is  provided  to  correct  for  wear  of  tire. 

Speed  gauge. 

The  speed  is  measured  by  means  of  the  Amsler  speed  gauge,  already  referred  to  above  and 
shown  in  figures  2  to  4.  In  order  to  show  clearly  how  this  gauge  works,  we  give  a  separate 
diagram  of  it  (fig.  9).     A  steel  sphere  G  is  supported  on  three  rollers  Ri,  Rj,  and  Rj,  so  that  it 
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can  freely  revolve  about  its  centre  of  gravity.  The  axes  of  rotation  of  the  two  rollers  Ri  and  Rj 
are  perpendicular  to  each  other  and  in  the  same  plane  as  the  centre  of  the  sphere.  The  weight 
of  the  sphere  is  such  that  its  adhesion  to  the  rollers  enables  the  latter  to  turn  it  without  slipping. 
Roller  Ri  turns  with  a  velocity  proportional  to  that  of  the  train;  roller  R^  turns  at  a  uniform 
velocity.  Roller  R3  is  supported  in  a  light  frame  which  can  turn  freely,  so  that,  when  the 
sphere  turns,  it  takes  the  position  in  which  the  roller  R3  can  turn  without  slipping ;  that  is  to 
say,  its  axis  of  rotation  at  any  moment  is  always  parallel  to  the  axis  of  rotation  of  the  sphere. 


Fig.  9.  —  Speed  gauge. 


Fig.  10.  —  Spring  genr. 


If  one  only  of  the  rollers  Rj  or  R^  were  to  revolve,  the  axis  of  rotation  of  the  sphere  would  be 
parallel  to  the  axis  of  the  roller  in  question.  But  as  both  rollers  revolve  simultaneously,  this 
rotation  takes  place  about  an  axis  070?,  which  represents  the  resultant  of  the  movements  of  the  two 
rollers.  If  w^  and  lOj  are  the  angular  velocities  of  the  two  rollers  Ri  and  R.^,  the  angle  a  which 
the  axis  of  the  rotation  of  sphere  makes  with  the  axis  of  the  roller  Rj  is  obtained  from  the 
equation 

ICi  Hi 

tan  a  =  —  =  — , 
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where  «i  and  n^  represent  the  number  of  revolutions  of  the  rollers  Ri  and  Rf.     This  equation 
is  used  to  graduate  the  arc  V ;  a  pointer  fixed  to  the  frame  shows  the  speed  of  running  at  any 
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given  moment.     A  lever  transmits  the  movements  of  this  pointer  to  pencil  5  which  traces  the 
speed  curve. 

In  the  instrument  in  use  (figs.  3  and  4)  the  roller  R3  is  replaced  by  two  rollers  placed  exactly 
opposite  each  other  in  a  revolving  ring.  The  result  is  that  the  sphere  is  not  disturbed  by  any 
Tibrations. 

Spring  driving  gear. 

In  order  to  show  how  this  acts,  we  give  a  diagramatic  sketch  (fig.  10)  of  its  working  parts, 
A  drum  t  is  fixed  to  the  main  shaft  s ;  the  wheels  ri  and  r^,  loose  on  shaft  s,  are  connected  by  a 
helical  spring  /",  coiled  in  one  direction,  and  by  a  wire  rope  ffi  ^j,  coiled  in  the  opposite  direction 
round  the  drum.  The  spring  is  adjusted  so  that  its  tension  tends  to  move  the  two  wheels  in 
opposite  directions,  but  the  wire  rope  resists  this  tendency.  If  shaft  s  is  turned  in  the  direction 
of  the  arrow,  the  drum  by  the  friction  of  the  rope  exercises  a  pull  on  ff^  and  this  turns  the 
wheel  r,  and  the  tension  on  the  spring  is  thereby  gradually  increased  until  it  overcomes  the 
resistance  of  the  gearing  actuated  by  the  wheel  ri,  gearing  which  is  connected  with  the  air  fan  W, 
the  roller  Rj  of  the  speed  gauge  and  the  driving  drum  which  pulls  along  the  paper ;  and  all  these 
mechanisms  then  begin  to  work.  The  tension  of  the  spring  is  regulated  so  that  at  a  certain 
relative  speed  of  the  wheels  Vi  and  rj  it  counterbalances,  at  the  exact  speed  desired,  the  resistance 
of  the  fan  \V  and  the  other  gears.  The  rope  forms  a  sort  of  friction  coupling  which  always  keeps 
the  spring  at  a  uniform  tension.  If  the  shaft  s  revolves  too  quickly,  then  as  the  resistance  of 
the  vanes  and  of  the  gearing  increases  rapidly  as  the  speed  increases,  the  tension  of  the  spring 
would  increase  for  the  moment  and  wheel  rj  would  advance  relatively  to  wheel  r^ ;  but  at  the  same 
time  ffi  would  unroll  the  rope  round  the  drum,  aijd  the  rope  would  slip  on  the  drum  until  the 
tension  of  the  spring  and  the  relative  movement  of  the  wheels  were  once  more  at  their  initial 
values. 

In  order  to  increase  the  speed  of  roller  Rj  and  of  the  strip  of  paper,  it  is  necessary  to  increase 
the  tension  of  spring  /*.  In  order  to  facilitate  this,  and  always  have  ready  access  to  the  rope, 
the  rope  and  the  spring  are  placed,  in  the  existing  instrument  (see  fig.  3),  on  two  shafts  Si  and  s^ 
which  are  near  to  each  other,  and  connected  by  the  two  pairs  of  pinions  ri,  rj,  r^  and  ^4.  The 
working  of  the  instrument  remains  unchanged  by  this  modification. 

One  of  the  ends  of  the  spring  f  is  connected  with  pinions  r^  and  o,  the  other  with  shaft  8%, 
This  shaft  is  always  kept  in  gear  with  the  right  wheel,  rj.  which  has  ratchet  teeth,  by  one  of 
the  two  pawls  pi  and^i,  which  are  placed  with  a  half-tooth  interval.  If  by  means  of  a  tommy 
placed  in  the  holes  of  drum  d,  shaft  s^  is  turned  relatively  to  pinion  rj,  the  tension  of  the  spring 
is  increased.  In  order  to  slack  the  spring,  the  pawl  in  action  is  pushed  back,  and  then  the 
spring  turns  back  the  pinion  rj  relatively  to  the  pinion  rj  until  the  other  pawl  is  engaged.  This 
makes  it  easy  to  adjust  the  tension  of  the  spring. 

In  order  to  make  it  possible  to  ascertain  quickly  whether  the  pinion  o  has  the  uniform  speed 
required,  the  shaft  ^i  has  a  toothed  wheel  js  with  a  pawl.  The  number  of  revolutions  of  this 
wheel  and  its  teeth  are  so  arranged  that  at  the  required  speed  the  pawl  gives  120  beats 
per  minute. 

Accordingly  the  rotation  of  the  axle  of  the  car  is  transmitted  by  the  spring  mechanism  as 
follows.  The  bevel  wheels  qi  and  gj,  mentioned  above  (see  fig.  3),  and  a  set  of  gear  wheels  turn 
the  shaft  Si  in  the  direction  shown  by  the  arrow.  The  wire  rope  by  friction  turns  the  pinion  r^, 
which  turns  the  wheel  rj,  and  by  means  of  the  ratchet  gear  the  shaft  Sf.     Then  the  spring 
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transmits  the  movement  to  the  pinions  r^,  o  and  r^.  The  rotary  movement,  which  is  by  now 
uniform,  is  then  transmitted  by  the  pinions  o,  to  and  n  to  the  fan  W  and  the  roller  Rs,  through 
the  toothed  wheels  r^,  u,  r,  and  the  corresponding  gearing. 

The  different  parts  of  the  mechanism  are  all  made  very  strong,  so  as  to  work  perfectly  even  at 
high  speeds.  The  whole  apparatus  has  evidently  been  designed  with  the  greatest  care,  and  the 
many  difSculties  have  been  overcome  with  much  ingenuity.  But  it  would  take  us  too  long  to 
consider  all  the  <letails  involved. 
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THE   GASOLINE  CAR   FOR   INTERURBAN   SERVICE   0), 

By  F.  W.  HILD, 

CBIBP  BMOINBBR,  S0UTHWK8TBRN  WIBCONSUf  RAILWAY,  DUBUQUE,  IOWA. 


Figs.  1  and  f,  pp.  1663  and  1668. 


{Engineering  News,) 


In  view  of  the  present  widespread  interest  in  steam  railroad  circles  in  the  self  power-contained 
car  as  a  means  of  meeting  the  increasingly  severe  competition  of  the  electric  roads,  it  may  not  be 
amiss  to  consider  this  type  of  car  from  the  view  point  of  the  electric  railway  engineer. 

That  the  large  roads  have  keenly  felt  the  electric  railway  competition  has  long  been  known 
and  it  is  now  particularly  evidenced  by  the  various  methods  under  consideration  for  meeting  it. 
Thus  the  Union  Pacific  has  built  at  its  Omaha  shops  a  straight  gasoline  car,  wherein  the  power 
output  of  a  gasoline  engine  is  mechanically  transmitted  to  the  car  wheels.  The  Chicago, 
Burlington  &  Quincy  some  months  ago  built  at  its  Aurora  shops,  and  for  a  short  time  experi- 
mentally operated,  a  gasoline  electric  car,  wherein  the  power  output  of  the  gasoline  engine  was 
transmitted  electrically  to  the  wheels.  The  Delaware  &  Hudson  has  placed  in  operation  a 
gasoline  electric  car  built  by  the  General  Electric  Company.  The  Lake  Shore  is  also  trying 
such  a  type  of  car.  Tho  Ohio  River  &  Columbus  Railway,  according  to  the  technical  press,  is 
experimenting  with  a  steam  propelled  car,  which  is  to  be  a  modern  edition  of  the  old  time  steam 
dunmiy.  The  press  nery  recently  described  the  Strang  electric  railway  car  a  gasoline  electric 
car  which  ran  with  its  own  power  from  Philadelphia,  where  it  was  built,  to  Kansas  City,  where 
it  is  to  go  into  service  on  an  interurban  road  in  that  vicinity. 

The  writer  has  seen  experimental  outfits  utilizing  the  automobile  principle  of  carrying  the 
motive  power  on  the  truck  frame.  In  one  case  it  was  a  high  pressure  superheated  steam  engine 
with  direct  chain  transmission  and  with  flash  boiler,  kerosene  or  gasoline  pan  burner,  radiating 
condenser,  etc.,  all  very  much  the  same  as  the  equipment  of  the  well-known  •*  White"  steam 
automobile.  In  another  case,  it  was  a  four-cylinder  gasoline  engine,  with  friction  disk  transmis- 
sion, etc.,  similar  to  automobile  equipment. 

The  independent  motor  car  idea  had  its  inception  abroad,  and  much  more  work  has  been  done 
in  this  direction  in  France,  Germany  and  Great  Britain  than  in  this  country.     The  most  conspi- 


(*)  From  a  paper  read  before  the  Iowa  Street  and  Interurban  Railway  Association. 
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cuous  application  of  the  idea  is  the  steam  motor  cars  of  the  Great  Western  Railway  of  Great 
Britain.  This  railway  has  in  use  a  number  of  modernized  steam  dummy  car?  using  coal  as  fuel 
for  steam  generation.  The  preference  on  the  continent  seems  to  be  for  the  internal  combustion 
engine  and  several  experimental  gasoline  engine  cars  are  being  tried.  The  Wurtemberg  Street 
Railway  is  one  of  the  most  persistent  of  foreign  roads  in  trying  the  independent  motor  car. 
This  railway  has  experimented  with  electric  storage  battery  cars,  with  steam  motor  cars  of  the 
Serpollet  type  and  gasoline  cars  of  the  Daimler  motor  type.  It  is  interesting  to  note  that  the 
Wurtemberg  Street  Railway  put  an  independent  gasoline  motor  car  into  service  in  December, 
1893,  something  over  twelve  years  ago. 

There  can  be  no  doubt  that  most  of  the  several  types  of  self  power-contained  cars,  will  find 
useful  fields  of  application  and  will  become  valuable  auxiliaries  to  the  standard  forms  of  rail  trans- 
portation; but  also,  in  the  judgment  of  the  writer,  there  should  be  no  doubt  that  these  fields  of 
application  will  be  relatively  restricted  and  do  not  include  such  as  are  now  served  by  the  standard 
electric  system. 

The  factors  which  have  made  electric  traction  so  brilliantly  successful  in  city,  urban  and  inter- 
urban  service  are  many  and  varied,  but  those  which  enter  into  a  discussion  involving  a  consi- 
deration of  other  types  of  motor  cars  are  : 

a)  Reliability  and  simplicity; 

b)  High  schedule  speeds  and  high  train  frequency ; 

c)  Cleanly  and  noiseless  operation ; 

d)  Low  cost  of  operation  and  of  maintenance. 

On  the  other  hand,  the  self  powered  cars  enjoy  two  advantages  which  are  the  sole  reasons  for 
the  present  interest  in  this  type  of  car.     They  are  : 

e)  Absence  of  external  power  transmission  circuits ; 

f)  Lesser  initial  investments. 

It  is  the  purpose  of  this  paper  to  briefly  investigate  and  compare  these  several  factors. 

Descriptive. 

The  straight  electric  system  has  been  in  use  some  seventeen  to  eighteen  years,  and  its  essential 
features  of  power-station,  substation,  transmission  line,  overhead  or  third-rail  conductor,  track 
return  circuit,  trolley  and  car  equipments,  are  well  understood  by  all  railway  men.  The  several 
types  of  independent  power-contained  cars  have  been  described  at  difierent  times  in  the  technical 
press. 

Apparently,  the  greatest  diflBculty  encountered  by  the  designers  of  the  gasoline  cars  is  the  trans- 
mission of  power  from  the  engine  to  the  driving  wheel.  This  is  not  surprising  in  view  of  the 
fact  that  the  internal  combustion  engine  is  essentially  a  constant  speed  motor,  and  that  railway 
work  demands  wide  ranges  of  variable  speeds.  At  the  present  time,  the  favorite  means  appears  to 
be  the  use  of  electricity,  indicating  that  the  diflBculties  of  direct  mechanical  transmission  and 
variable  speed  operation  are  so  great  as  to  warrant  the  rather  roundabout  transmission  involved 
by  the  addition  of  generator,  with  or  without  batteries,  and  the  standard  railway  type  motors 
and  control.  Indeed  it  is  claimed  by  the  promoters  that  the  efficiency  of  the  gasoline  electric 
outfits  compares  very  favorably  with  any  type  of  mechanical  transmission  and  moreover,  has  the 
greater  advantages  of  large  variations  of  speed,  flexible  driving,  ease  of  control,  and  lesser  wear 
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and  tear.  The  acceleration  and  changes  of  speed  are  smooth,  and  without  the  jar  or  shock  which 
is  ever  present  with  any  mechanical  change-speed  gear.  This  situation  suggests  to  electrical 
engineers  the  early  discussions  of  series  vs.  shunt  motors  for  railway  work.  The  designers 
of  the  gasoline-electric  care,  while  fully  agreed  as  to  the  method  of  power  application,  never- 
theless differ  among  themselves  on  the  important  question  of  power  supply  —  thus  some  insist 
that  a  storage  battery  is  an  indispensable  adjunct,  for  the  reason  that  gasoline  engines  have  low 
efficiencies  at  fractional  loads  and  furthermore  have  practically  no  overload  margin ;  the  battery, 
therefore,  is  needed  to  take  care  of  the  recurring  inevitable  overloads.  Others,  however,  prefer 
to  use  a  much  larger  generating  unit,  largely  because  of  the  saving  in  weight  and  space,  and  the 
avoidance  of  acids  and  fumes. 

General  comparison. 

Reliability.  —  It  probably  needs  no  argument  to  show  that  the  straight  electric  car  considered 
alone,  is  far  less  complicated  and  hence  far  more  reliable  than  any  other  form  of  motor  car.  The 
straight  electric  has  the  minimum  of  moving  parts,  all  of  which  (excepting  the  brake  mechanism, 
which  are  common  to  all  cars)  are  non-reciprocating,  while  all  other  types  of  self-propelled  cars 
have  reciprocating  mechanisms,  which  include  a  great  number  of  moving  parts,  more  or  less 
complicated  in  adjustment.  The  greater  simplicity  and  reliability  of  the  standard  electric  car  is 
perfectly  obvious  in  the  fact  that,  aside  from  the  conductor  or  fare  collector,  but  one  attendant, 
the  motorman,  is  necessary  for  the  car  operation,  whereas,  every  type  of  independent  railway 
motor  car,  so  far  as  the  writer  knows,  requires  an  additional  skilled  mechanic  to  look  after  the 
portable  power  plant.  Of  course  efforts  are  and  will  be  made  to  render  the  equipment  so 
thoroughly  automatic  as  to  permit  the  dispensation  of  this  skilled  mechanic.  Far  be  it  from  the 
writer's  wish  to  infer  that  American  inventive  ingenuity  may  not  accomplish  this,  but  a  few 
healthy  doubts  as  to  its  early  attainment  are  permissible,  when  one  remembers  the  automobile 
enthusiast  who  stated  that  he  owned  a  car  for  three  years,  of  which  he  spent  one  year  on  it  and 
the  other  two  under  it.  The  annoyances  which  may  attend  the  use  of  a  private  vehicle  may  be 
tolerated  by  the  owner,  but  such  annoyances  would  be  prohibitive  in  a  public  utility  like  a  trans- 
portation system,  therefore,  the  need  of  minimizing  interruptions  and  delays  will  undoubtedly 
compel  the  retention  of  the  extra  attendant. 

But  the  question  of  reliability  of  the  straight  electric  goes  beyond  the  car  itself,  and  involves  a 
consideration  of  power  generation  and  transmission.  Power  generating  machinery,  both  steam 
and  electric,  has  been  brought  to  a  very  high  order  of  development,  and  in  the  hands  of  thor- 
oughly competent  operators,  the  probability  of  interruption  of  power  service  through  faihire  of 
this  machinery  is  extremely  remote,  particularly  if  the  plant  be  provided  with  a  judicious,  yet 
reasonable,  reserve.  There  are  plants  in  this  country  which  have  operated  for  years  without 
failing  to  deliver  power,  and  it  has  come  to  be  understood  that  the  engineer  who  fails  to  **  keep 
the  busses  hot  "  must  have  an  exceptionally  good  excuse  in  order  to  retain  his  job. 

The  power  transmission  to  the  cars  is  by  conductors  running  parallel  to  the  track,  generally 
carried  overhead,  sometimes  close  to  the  track,  as  on  third-rail  roads,  and  sometimes  under  the 
track  as  on  slotted  conduit  roads.  "^Tiere  converter  substations  are  in  use  for  changing  the 
generated  electric  power  to  different  voltages  or  kind  of  current,  *'  power  transmission  " 
includes  high  tension  conductors  which  are  carried  in  the  form  of  multiple  conductor  cables 
underground,  or  as  separate  conductors  overhead  on  poles. 

In  the  earlier  days,  the  power  transmission  did  not  receive  the  attention  of  designing  and  con- 
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struction  engineers  so  much  as  the  power  machinery,  and  in  consequence,  there  were  many 
troubles  with  the  earlier  transmission  circuits.  These  earlier  experiences  served  to  give  the 
power  transmission  system  a  reputation  for  weakness,  which  was  never  fully  deserved  and  which 
now  no  longer  obtains.  The  modern  transmission  circuit,  whether  for  alternating  or  direct  cur- 
rents is  of  sturdy  construction,  mechanically  strong  and  reliable,  so  that  the  percentage  of 
failures  due  to  all  causes,  except  the  elements,  is  no  greater  and  usually  less  than  experienced 
with  other  parts  of  the  roadway. 

The  elements,  however,  introduce  difficulties  into  power  transmission  of  the  overhead  variety, 
which  have  at  times  been  the  cause  of  provoking  interruption  to  service,  but  at  the  extreme,  such 
interruptions  are  nothing  worse  than  brief  temporary  stoppage  of  the  cars,  and  are  not  accom- 
panied by  the  fatal  disasters  consequent  to  the  broken  track  rail,  the  misplaced  switch,  the 
defective  or  storm  weakened  bridge,  or  the  faulty  signal.  The  heavy  substantial  construction  of 
modern  transmission  and  overhead  conductor  systems,  enables  them  to  withstand  the  ravages  of 
storms  very  successfully,  more  so  than  the  present  telegraph,  telephone  and  signal  transmission 
systems,  and  it  is  not  unusual  to  hear  of  electric  roads  maintaining  service  during  storms  that 
tie  up  the  steam  roads.  The  greatest  source  of  disturbance  to  power  transmission  systems  is 
lightning.  Considerable  progress  has  been  made,  in  recent  years,  through  careful  study  and 
experiment  by  leading  engineers,  in  the  development  of  adequate  means  for  protecting  electrical 
apparatus  against  lightning.  As  a  result,  protective  devices  are  now  available  which  limit  inter- 
ruptions to  service  to  such  a  point  that  the  transmission  circuit  given  proper  and  reasonable 
attention  is  fully  as  reliable  in  every  respect  as  any  other  part  of  the  railway  system. 

Schedule  speeds  and  train  £requency. 

It  is  a  peculiar  fact  that  no  other  form  of  machinery,  whether  used  for  power  generation, 
pc»wer  translation,  or  power  utilization,  has  such  high  eflBciency,  such  capacity  for  overload  and 
such  flexibility  of  control  as  has  electrical  apparatus.  The  remarkable  speed-and- torque 
characteristic  of  the  series-wound  motor,  permits  of  a  smooth  and  rapid  rate  of  acceleration, 
absolutely  under  the  control  of  the  operator.  This  rate  of  acceleration  may  be  practically 
anything  desired,  and  is  accomplished  without  resorting  to  excessive  power  demand  or  abnor- 
mally large  motors.  The  maximum  acceleration  is  usually  determined  by  the  comfort  of  the 
passengers,  and  by  the  slipping  of  the  wheels,  and  is  not  limited  by  energy  consumption. 
Indeed,  it  has  been  shown  that  for  a  given  schedule  the  equipment  having  the  highest  rate  of 
acceleration  will  perform  the  service  with  the  least  energy  consumption. 

The  facility  for  maximum  acceleration,  the  great  capacity  for  overload,  and  the  high  ratio  of 
power  to  weight,  enable  the  straight  electric  car  to  handle  successfully  and  economically  highca* 
schedule  speeds  than  any  other  type  of  car,  no  matter  hov/  equipped.  The  steam  engine 
operated  car,  because  of  the  overload  power  of  the  steam  engine,  would  probably  come  next, 
while  the  gasoline  car,  with  direct  mechanical  transmission  would,  because  of  the  absence  of 
starting  torque  and  of  overload  capacity  of  the  gasoline  engine,  fall  well  below  them  all. 

High  accelerating  power  becomes  more  important  as  the  number  of  stops  is  a  given  distance 
increase,  and  it  is  this  fact,  as  well  as  the  difficulty  of  mechanically  transmitting  power  from  the 
gasoline  engine  to  the  drivers,  which  renders  combination  gasoline  electric  cars  at  present  the 
most  promising  of  the  self-contained  cars. 

That  system  of  transportation  operating  the  most  frequent  trains,  will  obviously  best  serve  the 
travelling  public.     The  experience  with  the  standard  electric  cars  has  demonstrated  the  public's 
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appreciation  of  this  in  the  new  business  which  the  electrics  have  built  up  for  themselves.  Such 
frequent  train  service  of  the  standard  electric  system  is  made  possible  by  the  fact  that  practically 
no  power  is  wasted.  The  motorman*  by  the  simple  manipulation  of  his  controller,  utilizes  the 
power  only  as  it  is  needed,  and  does  not  waste  energy  —  that  is  fuel  —  when  the  train  is  coasting 
or  standing  still.  Experience  of  electric  roads  is  such  that  the  starting  and  stopping  of  the 
different  train  units  so  dovetail  into  one  another,  that  the  load  on  the  central  power  house  is  pro- 
portional to  the  average  energy  consumption  per  train. 

Any  system  of  transportation  employing  self-contained  motive  power  units,  must  be  obviously 
at  a  disadvantage  in  this  respect,  since  fuel  consumption  must  go  on  all  the  time  the  train  is  in 
service,  whether  it  is  coasting  or  standing  at  a  station. 

Cleanly  and  noiseless  operation. 

The  great  importance  of  cleanly  and  noiseless  operation  of  trains,  is  best  evidenced  by  the 
action  of  the  New  York  Central,  the  New  York,  New  Haven  &  Hartford,  the  Pennsylvania,  the 
Long  Island  Railroad  and  the  Balifmore  &  Ohio,  in  electrifying  their  largest  terminals.  It  is 
well  known  that  this  action  was  largely  brought  about  by  public  sentiment.  That  the  builders 
of  self-contained  cars  appreciate  the  importance  at  least  of  cleanliness  is  indicated  by  the  fact 
that  nearly  all  are  using  oil  for  fuel,  and  practically  none  of  them  would  consider  the  smoke, 
cinder  and  soot  producing  fuels  such  as  coal,  etc.  The  advantages,  if  any,  are  in  favor  of  the 
standard  electric  system,  for  there  must  always  be  present  some  vibration  and  some  exhaust 
fumes  from  the  engine  of  the  self-powered  car. 

V 

Operating  and  maintenance  costs. 

The  absence  of  actual  operating  data  of  self-contained  cars  does  not  permit,  at  the  present  time, 
of  a  comparison  of  actual  maintenance  and  operating  charges  between  such  cars  and  the  straight 
electric.  It  is  perfectly  logical,  however,  to  expect  in  view  of  the  complicated  mechanism  of  the 
former  and  extreme  simplicity  of  the  latter,  that  the  maintenance  charges  for  the  self-contained 
car  system,  will  be  greater  than  for  the  straight  electric.  The  maintenance  cost  may  reasonably 
be  expected  to  be  about  midway  between  the  electric  car  and  the  steam  locomotive. 

The  operating  cost  of  the  several  types  of  self-contained  cars,  will  naturally  vary  among  them- 
selves, but  in  all  instances,  such  costs  exclusive  of  interest  on  the  investments,  will  be  materially 
higher  than  the  straight  electric,  and  in  most  cases,  the  costs,  including  interest  charges,  will 
favor  the  straight  electric. 

This  reasonably  follows  in  view  of  the  high  efficiency  of  the  modern  power  station  and  trans- 
mission systems  of  electric  traction,  and  also  because  of  the  high  weight  efficiency  of  electric 
cars.  The  independent  motor  car  must  not  only  drag  along  its  own  power  plant,  but  it  must 
sacrifice  valuable  remunerative  space  in  order  to  carry  it.  For  the  same  remunerative  capacity, 
the  self  contained  car  will  weigh  from  50  to  100  per  cent  more  than  the  standard  electric  car. 
Under  the  same  conditions  of  track,  speed  and  distance,  the  energy  consumption  required  to 
move  cars  of  any  sort  will  vary  as  their  weight,  whence  it  follows  that  the  energy  consumption  of 
the  self-contained  car  will  be  from  50  to  100  per  cent  greater  than  the  electric  car. 

The  labor  expense  of  practically  all  types  of  self-contained  cars  will  be  50  per  cent  and 
upwards  greater  than  the  straight  electric  for  the  reason  that,  in  addition  to  motorman  and  the 
conductor,  a  skilled  mechanic  is  necessary  for  the  operation  of  the  power  generating  apparatus 
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in  each  of  the  self-contained  cars.  This  attendant  is  usually  paid  30  to  40  cents  per  hour,  or 
from  50  to  100  per  cent  higher  wages  than  the  ordinary  platform  man  receives. 

All  self-contained  cars,  excepting  those  equipped  with  storage  batteries,  must  have  prime 
movers  of  sufficient  capacity  to  suitably  accelerate  the  cars,  and  since  the  power  required  for 
accelerating  is  from  two  to  four  times  that  for  full  speed  running,  and  also  because  of  the  inter- 
mittent power  demand  in  railway  service,  it  follows  that  the  average  load  on  the  prime  mover 
will  be  but  a  fraction  of  its  rated  power;  hence  the  efficiency  of  engine  operation,  whether  steam 
or  gasoline,  mus  be  low.  This  condition  is  worse  with  gasoline  engines,  which  have  no  overload 
margin,  and  in  many  cases,  the  average  load  will  probably  not  exceed  40  per  cent.  Where 
floating  storage  battery  is  carried  on  the  car  it  is,  of  course,  possible  to  use  a  smaller* engine  and 
to  work  it  at  close  to  its  rating  most  of  the  time,  and  the  fuel  cost  per  ton  mile  of  such  a  car 
would  be  somewhat  less  than  of  one  without  battery. 

The  St.  Joseph  Valley  locomotives  with  single  trailer,  during  the  early  days  of  its  operation 
averaging  66  miles  per  day  consumed  50  gallons  of  gasoline  per  day.  This  worked  out  per  train 
mile  as  follows : 

Fuel  at  16  cents  per  gallon 12*0  cents. 

Labor,  75  cents  per  hour 3*4     — 

Acid,  water,  waste,  sundries 0*6    — 

160  cpnts. 

Mr.  H.  M.  Beardsley  published  in  the  St^-eet  Railway  Journal,  July  15,  1905,  a  very  com- 
plete table  of  operating  statistics  of  electric  roads  in  New  York  State.  A  study  of  this  shows 
that  straight  electric  operation  per  car  mile  is  much  less  than  the  above  figures,  and  if  the 
comparison  be  made  on  the  basis  of  cost  per  car  seat,  or  unit  of  remunerative  space,  the  showing 
will  be  still  more  in  favor  of  the  straight  electnc  cars.  The  averages  of  ten  roads  in  the  table 
work  out  as  follows  : 

OPHRATION. 

Power 2-629  cents. 

Wages  of  conductor,  motorraan 4*146    — 

Gar  service  supplies   . 0*109    — 

Miscellaneous 0"16       — 

7*044  cents. 

Comparison  between  a  single  concrete  case  and  an  average  of  a  lot  of  widely  varying  cases 
while  giving  an  indication  is  not  convincing,  it  may  be  of  more  interest  therefore,  to  compare 
briefly  the  requirements  and  performance  of  a  gasoline  electric  car,  and  a  straight  electric  car  for 
transporting  a  given  number  of  passengers,  under  the  same  conditions  of  distance,  time,  stops 
and  roadway.  Assume  a  line  25  miles  long,  standard  steam  railroad  construction,  stops  of 
15  seconds'  duration  each,  to  average  one  every  three  miles.  It  is  desired  to  operate  a  car  seat- 
ing 48  passengers,  making  the  run  one  way  in  one  hour. 

Let  us  tako  the  Delaware  &  Hudson  car  previously  mentioned.  It  has  been  recently  described 
in  the  technical  press,  but  no  hint  of  its  detailed  performance  is  published,  so  we  must  rely  upon 
calculated  performance.  This  car  weighs  about  125,000  lb.,  and  the  car  body,  65  feet  over  all, 
is  of  the  combination  type,  that  is,  with  passenger  and  smoking  compartments,  seating  a  total  of 
40  passengers  and  with  baggajje  express  compartment.     The  engine  is  at  one  end,  and  the 
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motorman*8  compartments  with  controlling  apparatus  at  each  end  for  operation  of  the  car  in 
both  directions.  Power  is  supplied  by  a  160  horse-power  gasoline  engine,  directly  connected  to 
a  120-kilowatt  separately  excited  generator.  A  small  5-kilowatt  generator  furnishes  the  excita- 
tion The  motor  equipment  consists  of  two  200  horse-power  each,  standard  railway  motors, 
with  two  series  parallel  controllers.  The  generator  output  is  limited  by  the  capacity  of  the 
gasoline  engine.  The  controllers,  besides  the  usual  connections  for  changing  motors  from 
series  to  parallel,  also  have  connections  for  changing  the  voltage  of  the  generator  through  its 
excitation.  The  acceleration  and  speed  regulation  of  the  car  is  then  governed  by  the  voltage  of 
the  generator  and  not  by  the  usual  method  of  resistance  in  series  with  the  motors. 

A  standard  interurban  car,  about  45  feet  long,  will  seat  comfortably  48  passengers,  and  will 
weigh  fully  equipped  24  to  28  tons.  With  four  50  horse-power  motors  geared  to  about  35  to 
38  miles  per  hour,  maximum  speed,  and  with  normal  trolley  voltage,  such  a  car  will  perform 
very  satisfactorily  the  service  outlined. 

In  figure  1  are  two  curves,  showing  the  schedule  performance,  which  might  be  expected  of  the 
two  cars  —  B  referring  to  the  gasoline  electric  car,  and  A  to  the  standard  interurban  car. 
Incidentally,  it  is  interesting  to  observe  that  as  the  frequency  of  stops  increases,  the  self-con- 
tained car  falls  much  more  rapidly  away  from  the  schedule  than  the  straight  electric.  Thus,  at 
one  stop  per  mile  it  can  do  18  '/*  miles  per  hour  schedule,  while  the  straight  electric  can  do 
21  Vi  miles  per  hour. 
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Fig.  1.  —  Comparison  of  probable  speed  of  standard  electric  car  and  gasoline  electric  car. 

Under  the  conditions  assumed,  the  rate  of  energy  consumption  of  the  straight  electric  car  will 
be  about  60  watt  hours  per  ton  mile,  at  the  motors,  and  this  value  will  be  used  as  applying  to 
the  combination  self-powered  car,  although  as  a  matter  of  fact,  the  input  to  the  latter  will  be 
somewhat  higher  owing  to  its  slower  rate  of  acceleration,  and  would  more  than  offset  the  eli- 
mination of  rheostat ic  losses  in  the  motor  control 

Manufacturers  of  gasoline  engines  of  the  size  under  consideration,  generally  claim  10  horse- 
power-hours output  per  gallon  of  gasoline  at  full  load,  but  will  guarantee  only  8  horse-power- 
hours  per  gallon  of  this  fuel.     In  the  calculations  which  follow,  no  account  will  be  taken  of  the 
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rapid  falling  off  in  fuel  economy  at  fractional  loads,  so  in  using  the  8  horse-power  hours  per 
gallon  value,  the  error,  if  any,  is  in  favor  of  the  gasoline  outfit. 

Electric  power  station  performance  is  well  known  from  numerous  published  or  otherwise 
available  records.  The  following  is  typical  of  a  4,000-kilowatt  turbine,  water-tube  boiler  plant 
with  coal  at  $1*60  to  $1*80  per  ton. 

Coal $0-0034 

Labor 0*0016 

Maintenance 0*0007 

Supplies 0*0003 

Cost  per  kilowatt  hour  at  switchboard.     .     .       $0*006 

A  well  operated  plant  with  fairly  good  load  factor  should  encounter  littie  difficulty  in  pro- 
ducing power  at  this  figure;  indeed,  many  show  much  better  results.  For  the  purposes  of  this 
discussion,  however,  a  higher  figure  —  $0*0085  —  will  be  taken.  This  value  is  easily  attained 
by  most  of  the  interurban  power  plants  in  the  Middle  West. 

Transmission  efficiencies  to  the  motors  will  be  taken  to  average  as  follows  : 

A.  C.  system.  D.  C.  system. 

Step-up  transformers 96  per  cent.  96  per  cent. 

Line.     .     • 97        —  97        — 

Step-down  transformer 96       —  96       — 

Rotary —  88        — 

Car  transformer 96       —  ...       — 

Feeder  and  trolley  net  work 93  ^/j  —  89       — 

NeteflBciency.     .     .        80  per  cent.        70  per  cent. 

Gasoline  electric  car  62  '/g  tons, 

62  */2  X  60  ==  375  kilowatt-hours  per  car  mile. 

3*75  X  25  =  94  kilowatts  average  per  trip. 

94  kilowatts  =  78  per  cent  of  120  kilowatts  the  rating  of  the  generator  and  at  this  average  load, 

generator  efficiency  equals  90  per  cent  approximately. 

3*75 

Then ^=5*6  horse-power-hours  per  car  mile. 

0  746  X  90  ^  ^ 

The  engine  will  develop  at  full  load  about  8  horse-power-hours  per  gallon  of  gasoline. 
With  fuel  at  10  cents  per  gallon. 

10  X  5*6       ^       , 

Power =  7  cents  per  car  mile. 

8  ^ 

Car  Crete, 

Motorman • 0.21  per  hour. 

Conductor 021        — 

Mechanic.  0*33        — 

0*75  per  hour. 

—  =  3  cents  per  car  mile. 
25 

Waste,  oil,  small  supplies 0*60 
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Straight  electric  car  30  tons. 

30  X  60  =  1*80  kilowatt-hours  per  car  mile. 

1*80  X  25  =  45  kilowatts  average  per  trip. 

Power  at  interurban  generating  station  costs  $0*0085  per  kilowatt-hour  at  the  busses; 

taking  transmission  efficiency  to  the  motors  at  80  per  cent  (A.  C.  system). 

^^      1-80x00085       ;^, 

Then =  1*91  per  car  mile. 

80  *^ 

Car  crew. 

Motorman 0*21  per  hour. 

Clonductor 0-21      — 


0*42  per  hour. 

g— ■ 

Allow  for  substation  attendance 0*01 

1*69  per  car  mile. 
Waste,  oil,  small  supplies 0*55 

SUMMARY. 

7*00 Power 1*91 

3  Labor 169 

0*6        '.   Supplies 0*55 

10-60 Per  car  mile      ........      415 

These  are  comparative  costs  per  car  mile,  exclusive  of  maintenance  and  of  general  expense, 
and  are  subject  to  considerable  variation  under  varying  conditions.  The  Union  Pacific  car, 
which  weighs  about  29  tons,  has  unofficially  been  stated  to  consume  Vs  gallon  gasoline  per  car 
mile  in  service,  involving  much  fewer  stops.  The  Strang  gasoline  storage  battery  car,  weighing 
approximately  37  tons,  consumes,  according  to  official  statements  of  the  builders,  'Vioo  gallon 
gasoline  per  car  mile.  No  statement  of  service  conditions  is  given,  but  it  is  inferentially  taken 
from  the  run  from  Philadelphia  to  Kansas  City,  where  the  stops  were  very  infrequent,  probably 
less  than  1  in  20  miles. 

As  a  check  on  the  above  calculations,  this  data  is  interesting.  The  gasoline  consumption  per 
ton  mile  works  about  as  follows  : 

D.  and  H.  car 00112  gallon. 

U.  P.  car 00168      — 

Strang  car 00118     — 

It  is  not  intended  to  compare  these  three  types  of  independent  motor  cars,  for  such  comparison 
would  be  manifestly  unfair,  unless  one  took  into  account  all  the  factors  entering  into  the  con- 
struction and  operation  of  each  of  the  cars.  It  is  intended  to  show,  however,  that  the  calculated 
performance  of  the  D.  &  H.  car  includes  a  margin  favoring  the  independent  motor  car  as  com- 
pared with  the  standard  electric. 

T.  XI  116 
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Initial  in^estinenis. 

To  get  down  to  the  gist  of  the  whole  problem  and  to  see  the  influence  of  the  initial  investments 
on  a  given  proposition,  we  will  im^estigate  two  cases ;  the  first  between  the  gasoline  electric  and 
the  standard  electric,  and  theceeond  between  these  and  steam  railway  service. 

The  first  proposition  contemplates  the  average  interurban  condition,  and  may  represent,  if  you 
will,  the  competition  between  two  parallel  roads  for  the  local  passenger  and  light  traflSc  business, 
which  is  assumed  to  demand  cars  at  one  hour  headway  from  6  a.  m.  until  12  p.  m.,  or  18  hours' 
service.  The  items  of  cost  and  maintenance  comm6n  to  both  roads,  will  not  enter  into  the  present 
consideration,  and  we  will  assume  that  the  general  expense  of  administration,  engineering,  taxes, 
insurance,  etc,  will  be  the  same  in  both.  We  will  take  the  same  service  conditions  as  before, 
i.  e,y  25  miles  of  road,  stops  every  3  miles  and  1  hour  for  the  run. 

The  single-phase  system  is  well  adapted  to  such  service,  and  will  be  considered  in  the  following. 
It  would  be  entirely  feasible  to  operate  with  a  generating  plant  in  the  center  of  the  line  feeding 
6,600  volts  directly  into  the  trolley,  eliminating  high  tension  transmission  and  substation  ajid 
thereby  effect  a  saving  in  the  assumed  case  of  approximately  $18,000.  But  it  might  be  neces- 
sary because  of  water  supply,  coal,  etc.,  to  build  the  power  house  at  one  end  of  the  line  and  thus 
necessitate  a  substation.  In  order  to  be  entirely  fair  to  the  gasoline  car,  let  us  assume  this 
extreme  condition. 

Two  cars  will  normally  handle  the  service,  but  for  special  days  requiring  half  hour  headway 
and  for  reserve,  four  motor  cars  and  two  trailers  will  be  purchased.  The  normal  daily  mileage 
will  be  900. 

Estimated  cost  of  straight  electric  system. 

Power  plant $45,000 

X)ne  substation 2,000     . 

Distribution  system 48,000 

Four  motor  cars  i 

»,      .     .,  36,000 

Two  trtiifsrs  * 

Rail  bonding 6,850 

$137,250 

Interest  and  depreciation  at  10  per  cent 13,725 

or,  $37-60  per  day. 

Estimated  cost  of  gasoline  electric  system, 

Pour  motor  cars  ^3$  17,000 $68,000 

Two  trailers  ®       3,000 ....  6,000 

174,000 

Interest  and  depreciation  at  10  per  cent 7,400 

or,  $20*30  per  day. 

The  maintenance  of  electric  cars  and  plants  per  car  mile,  can  be  assessed  fairly  well  from  the 
many  published  records,  but  that  of  the  self-powered  cars  is,  at  present,  a  matter  of  guess.  It  will 
be  taken  at  4  cents  per  car  mile,  which  is,  roughly,  one*half  the  average  maintenance  charges  of 
steam  locomotives  per  mile. 
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electric.  electric. 

Power 70  1-91 

G»r  crews 30  168 

Supplies 0-6  0-55 

Maintenance  equipment  and  cars 4*0  1*5 

Maintenance  plant  and  distribution  system  ....  ...  0*5 

Operating  cost  per  car  mile 14*6  6*05 

Daily  cost. 

Operation 4131-40  $54*45 

Interest  and  depreciation 20*30  37*60 

$151.70      $92.05 

Thus,  the  difierence  in  favor  of  the  straight  electric  under  th«  conditions  assumed,  would  be 
$59*65  per  day  or  approximately  $22,000  per  year. 

Consider  now,  an  existing  branch  of  a  steam  road,  where  the  passenger  traffic  is  light.  Service 
must  be  given  even  if  without  profit,  indeed  many  such  branch  lines  are  now  operated  at  a  loss, 
so  far  as  the  passenger  and  light  traffic  is  concerned.  The  problem  then  is  to  find  the  cheapest 
means  of  handling  the  business. 

Let  us  take  the  same  length  of  line,  frequency  of  stops,  etc.,  as  before,  but  that  four  trains 
each  way  per  day  will  handle  the  business.  We  will  assume  that  the  train  crews  when  not  on 
the  passenger  runs  are  kept  employed  elsewhere  on  the  system.  The  steam  service  would  call 
for  two  light  locomotives  and  four  passenger  combination  cars.  The  self-powered  and  the 
straight  electric  would  each  require  two  motor  cars  and  two  trailers.  The  trailers  would  not  be 
used  during  the  normal  service,  but  would  have  to  bo  purchased  and  kept  to  meet  the  demands  of 
Sundays  and  special  days. 

It  is  assumed  that  the  roundhouse,  repair  shop  and  water  tanks  would  about  balance  the  coi^t 
of  electric  car  bam  and  repair  shop.  Omitting,  then,  as  before,  all  factors  of  cost  and  operation 
common  to  all  three  systems,  we  will  have  : 

Estimated  investment  for  steam  service. 

Two  45-ton  locomotives  with  tenders    , ,$16,000 

Pour  passenger  coaches 16,000 

$32,000 

Interest  and  depreciation  at  10  per  ceojt 3.200 

or,.$iB*73perday. 

Estimated  investment  for  stmight  electric  service. 

Power  plant $27,000 

Substations 1,500 

Distribution  system 48,000 

Two  motor  cars    j 

Two  trailers  ) 

Rail  bonding 6,250 

$103,750 

Interest  and  depreciation  at  10  percent 10,375 

or,  $28*50  per  day. 
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A  plant  of  this  size  would  not  produce  power  so  cheaply  as  the  larger  ones  previously  consid- 
ered.    The  cost  per  kilowatt-hour  is  taken  at  1  *lt  cent  per  kilowatt-hour,  whence  we  have  : 

Power 3*38  cents  per  car  mile. 

Labor  (as  before) 1*69    —         —        — 

Supplies  (as  before) 0*55    —         —        — 

Maintenance  (as  before) 2*00    —         —        — 

7*62  cents  per  car  mile. 

Estimated  investment  gasoline  electric  service. 

Two  gasoline  electric  cars $34,000 

Two  trailers 6,000 

$40,000 

Interest  and  depreciation  at  10  per  cent 4,000 

or,  $10-90  per  day. 


Dollars    per  Day. 


Fig.  2.  —  Comparative  operating  cost  of  steam,  locomotive,  electric  and  gasoline  systems 
of  passenger  transportation. 

The  steam  train  will  consist  of  the  locomotive,  tender  and  two  cars,  giving  a  train  weight  of 
approximately  110  tons;  under  the  assumed  conditions  of  schedule,  stops,  weight,  etc.,  such 
trains  will  require  about  35  watt-hours  per  ton  mile,  t.  e.,  0*0745  horsepower  per  ton  mile.  In 
such  service,  the  locomotive  would  burn  about  7  lb.  of  coal  per  horse-power-hour,  and  if  this  coal 
cost  $2.25  per  ton,  the  train  mile  cost  would  be  approximately  : 


TYain  crew. 


Engineer 
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Conductor 
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0*35    per  hour. 
021  — 

0-30  — 

0175        —  • 

jt  1*035  per  hour. 
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Power 6'35  cents  per  train  mile. 

Maintenance  locomotive  and  cars     .     .     .  8-00    —         —         — 

Supplies 2'00    —         —         — 

Round  house  exp 1*00    —  -  — 

Train  crew 4*15    —         —         — 


21*5    cents  per  train  mile. 

The  daily  operating  costs,  exclusive  of  those  items  which  are  common  to  all  the  systems,  would 
then  he  : 

Steam.        Electric.       Gasoline. 

Operation $4300        $15*34        $29*20 

Interest  and  depreciation 8*78  28-50  1000 

Total.     .     .        $51-78       $43*74       $4010 

As  the  same  equipment,  and,  therefore,  the  same  investment,  would  be  needed  for  a  few  trips 
more  or  less,  and  applying  the  same  unit  operating  costs  per  car  mile  and  the  same  fixed  charges, 
we  get  the  following  : 

DaUy 
roand  trips.  Mileage.        Steam.         Electric.        Gasoline. 

Six 300  $73-29  $51*36  $54-70 

Five 250  62*53  47-55  47*40 

Four 200  51-78  43*74  40-10 

Three 150  41  03  39*93  32*80 

Two 100  30*28  3612  25*50 

One 50  19*53  32*31  18*20 

This  brings  out  clearly,  that  in  the  assumed  case,  the  gasoline  car  is  cheapest  under  six  round 
trips  per  day,  while  the  electric  system  is  the  cheapest  at  six  trips  or  more  per  day. 

Generally  speaking,  the  gasoline  car  will  show  a  saving  over  the  steam  train  in  light,  infre- 
quent service,  but  when  the  frequency  begins  to  approximate  2  V«-hour  headway  between  trains, 
the  electric  car  is  undoubtedly  the  cheapest  and  becomes  increasingly  so  with  increase  of  traffic 
frequency. 

Bxtemal  transmission  circuits. 

We  come  now  to  what  probably  more  than  any  other  factor,  including  even  higher  initial 
investment,  has  been  the  greatest  stumbling  block  to  the  electrification  of  steam  railroads.  All 
other  details  of  electric  railroading  have  easily  surmounted  the  objection  of  the  steam  railroad 
men ;  it  is  not  the  purpose  to  discuss  the  important  subject  of  external  transmission  circuits 
within  the  limits  of  this  paper,  but  it  is  well  to  point  out  that  the  progressive  men  in  heavy  rail- 
road work,  no  longer  look  upon  the  electrical  power  conductor  with  the  doubt  and  misgiving,  not 
to  say  scorn,  with  which  they  regarded  it  a  few  years  ago.  The  overhead  trolley  has  demon- 
strated its  reliability  and  sturdiness  on  thousands  of  miles  of  electric  roads  from  Maine  to  Cali- 
fornia, from  the  Lakes  to  the  Gulf,  in  all  conditions  of  weather  and  seasons.  But  only  very 
recently,  low  trolley  voltage  limited  its  use  to  light  interurban  service.  The  writer  is  quite  in 
sympathy  with  the  railroad  men's  objection  to  the  third  rail,  which,  while  it  has  splendidly 
performed  its  functions  of  showing  the  possibilities  of  heavy  traction  —  is  for  many  reasons 
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inadvisable  for  surface  work,  although  well  adapted  for  subway  or  elevated  roads.  The  advent 
of  the  single  phase  system,  permitting  the  use  of  high  trolley  voltages,  and  heooe  modlerate  power 
conductors  and  bow  trolleys,  has  brought  the  overhead  trolley  conductor  into  the  field  of  heavy 
railroading,  and  with  the  large  Eastern  roads  setting  the  pace  the  early  electrification  of  the 
present  steam  lines  will  inevitably  come  on. 

Conclusion. 

Managers  of  steam  railroads  entrusted  with  the  direction  of  large  vested  interests,  are  nat- 
urally very  conservative  and  therefore  slow  to  make  what  would  appear  to  be  radical  changes  in 
their  equipment.  Therefore,  while  they  realize  the  limitations  of  the  steam  locomotive  in 
suburban  and  interurban  service,  they  will,  before  stringing  the  trolley  wire  ovbt  their  tracks, 
try  out  pretty  thoroughly  the  independent  motor  car,  which  holds  out  alluringly  the  suggestions 
of  interurban  service  without  the  power-house,  without  the  track  bonding  and  without  the 
external  transmission  circuit.  This  try-out  will  definitely  establish  the  tmc  field  of  the  self- 
contained  car,  and  in  the  writer's  judgment,  this  field  will  be  the  very  short  spurs  of  existing 
steam  railroads,  serving  sparse  population,  making  infrequent  trips  principally  to  connect  with 
main  lines.  Take  one  road  —  the  Burlington  for  example;  the  Galena  Junction  shuttle  train 
operating  on  a  five-mile  spur,  and  meeting  the  more  important  trains  of  the  main  line ;  and  the 
Dubuque  shuttle  train  which  operates  on  the  niile  and  a  quarter  spur  from  East  Dubuque  over 
the  Mississippi  River  Bridge  —  these  could  well  use  such  independent  motor  cars;  unless, 
indeed,  electric  power  at  satisfactory  rates  can  be  purchased  of  the  neighboring  electric 
companies. 

There  is  another  field,  not  very  wide  it  is  true,  but  a  profitable  field  which  the  independent 
motor  car  may  enjoy  with  freedom  from  competition.  The  writer  expects  to  see  the  present 
private  cars  of  our  millionnaires  displaced  by  the  independent  motor  car,  which  can  be  made  as 
comfortable  and  luxurious  as  any  of  the  Pullmans  now  in  service.  Their  owners  may  go  any- 
where that  standard  gage  tracks  lead  to.  regardless  of  limitations  to  locomotives  or  to  electric 
cars. 

As  to  prospective  interurban  roads  which  are  promoted  with  the  view  to  using  the  gasoline  or 
other  types  of  independent  motor,  it  his  highly  desirable  to  go  slow  and  investigate.  Broadly 
speaking,  if  a  prospective  road  is  to  depend  for  revenue  only  on  its  passenger  and  light  express 
traffic,  and  the  business  only  warrants  1  */«  or  more  hoi*rs  headway  between  cars,  it  becomes  veiy 
much  of  a  question  whether  or  not  the  road  will  pay  or  ought  to  be  built  at  all. 

But  this  brings  us  into  the  realm  of  interurban  railway  econonaics,  concerning  which  much  less 
even  than  railway  engineering  it  is  not  well  to  generalize.  Each  individual  proposition  should 
be  independently  examined  and  passed  upon  by  a  competent  engineer,  who  should  determine  the 
equipment  best  fitted  for  it. 

In  city  service,  the  independent  gasoline  car  will  find  only  the  remotest  application.  Under 
certain  conditions  of  power,  plant  arrangement  and  operation,  there  may  be  isolated  instances 
where  the  independent  car  might  be  called  upon  to  handle  the  **  Owl"  service  in  the  small 
hours  of  the  morning.  It  may  also  be  used  on  streets  on  which  the  municipality  prohibits  the 
laying  of  tracks.  Indeed,  such  cars  are  already  in  operation  on  Fifth  Avenue,  New  York.  In 
such  service,  the  independent  car  will  probably  displace  the  so-called  **  trackless  "  trolley  cars, 
which  are  in  use  in  some  of  the  European  cities. 

In  conclusion,  the  writer  believes  that  the  independent  motor  car  will  prove  a  useful  trans- 
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portation  medium.  Its  field  will  be  distinct  from  that  served  by  the  standard  electric  system. 
The  likelihood  of  the  independent  motor  cars  becoming  serious  competitors  of  the  electric  cars  is 
quite  remote.  Reduction  in  operating  cost  of  the  independent  car  must  come  about  through 
cheaper  fuel  and  smaller  labor  expense.  As  we  all  know,  the  price  of  gasoline  is  constantly 
increasing,  due  to  the  diminishing  supply  of  the  crude  oil  from  which  it  is  made.  Kerosene 
engines  and  alcohol  engines  are  frequently  spoken  of,  but  as  yet  can  not  compete  with  the 
gasoline  engines.  The  reduction  in  labor  expense  is  not  very  promising.  Advances  and 
improvement  in  the  art  of  independent  motor  car  will  undoubtedly  be  made,  but  at  the  same 
time,  it  must  be  borne  in  mind  that  the  electric  system  will  by  no  means  stand  still,  and  if  its 
future  progress  be  judged  by  that  of  the  past,  it  will  undoubtedly  become  the  preeminent  trans- 
portation medium. 
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RECENT    HIGH-SPEED   TRIALS   OF   STEAM    LOCOMOTIVES. 


[Zeilung  des  Vereinf.) 


The  favourable  results  of  the  high  speed  trials  of  steam  locomotives,  made  in  1904,  by  order 
of  the  Prussian  Minister  of  Public  Works,  on  the  Militarbahn,  made  it  possible  to  draw  con- 
clusions as  to  what  modem  locomotives  are  capable  of  in  the  way  of  initial  pull  and  acceleration. 
Moreover,  the  trials  showed  what  influences  the  locomotives  and  the  cars  were  exposed  to  at  high 
speeds.  But  they  could  not  show  how  the  rolling  stock,  and  more  especially  the  locomotives, 
would  behave  during  long  high-speed  runs,  or  what  the  economic  results  of  a  regular  high-speed 
service  would  be.  It  is  clear  that  the  latter  problem  can  be  approximately  solved  only  by  trial 
runs  over  long  distances,  with  intermediate  stops.  As  supplementary  to  the  trials  on  the  MilUdr- 
bahn,  trials  were  accordingly  made  last  year  with  steam  locomotives  running  a  much  longer 
distance,  the  trial  runs  being  interpolated  in  the  regular  service.  Mr.  Leitzmann,  member  of 
the  Board  of  Works,  has  published  a  detailed  report  of  these  recent  trials;  we  extract  sundry 
particulars  of  general  interest,  which  supplement  the  results  of  the  high-speed  trials  made 
previously,  and  indicate  in  what  ways  not  only  rolling  stock,  but  also  railways  as  a  whole, 
should  be  improved. 

The  trial  runs  in  question  were  made  on  the  Hanover-Spandau  line,  243*5  kilometres 
(151*3  miles)  long;  there  are  curves  of  750  metre  (37  V«  chain)  radius  near  Hanover,  Lehrte 
and  Spandau,  whereas  the  radii  of  the  other  curves  are  between  1,000  and  3,766  metres  (between 
50  and  188*3  chains).  Moreover,  the  profile  is  a  favourable  one  and  the  steepest  gradients  do 
not  exceed  3  3  per  mil.  In  accordance  with  the  instructions  issued,  two  sets  of  speed  trials  were 
arranged.  In  the  first,  the  train  was  to  consist  of  40  axles,  and  to  run  at  100  kilometrts 
(62*1  miles)  per  hour;  in  the  second,  of  20  axles,  to  run  at  120  kilometres  (74*6  miles)  per  hour. 
The  latter  train  was,  however,  to  run  at  a  higher  speed,  up  to  140  kilometres  (87  miles)  per  hour, 
over  certain  sections  of  the  line.  Unfortunately  however,  it  was  impossible  to  carry  out  this 
programme  in  its  entirety,  as  the  nature  of  the  line  on  which  the  trials  took  place,  imposed 
certain  limitations  of  speed.  Thus  the  speed  through  Lehrte  station  might  not  exceed  40  kilo- 
metres (24*8  miles)  per  hour,  and  through  Isenbiittel,  Oebisfelde  and  Schttnhausen,  90  kilometres 
(55*9  miles)  per  hour ;  and  then  on  the  bridge  over  the  Elbe,  near  Hftmerten,  speed  was  limited  to 
60  kilometres  (37*3  miles)  per  hour.  On  the  return  journey  moreover,  there  were  two  sections, 
between  Spandau  and  Stendal,  which  were  under  repair  and  where  speed  had  consequently  to  be 
reduced.  Nevertheless,  there  were  sections  where  the  specified  speed  could  be  kept  up  during  at 
least  ten  minutes,  whereas  in  the  trials  on  the  Milit&rhahn  a  uniform  speed  had  not  even  been 
attained. 
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The  track  was  not  altered  in  any  way  before  the  trials  took  place.  The  greater  part  of  it  is 
laid  with  rails  weighing  41  or  43*4  kilograms  per  metre  (82*7  or  87-5  lb.  per  yard),  but  there 
are  sections  where  the  rails  weigh  33*4  kilograms  per  metre  (67'3  lb.  per  yard)  The  sleepers 
are  of  oak,  pine  and  iron,  bedded  on  a  ballast  of  broken  stone  or  gravel.  The  track  as  a  whole, 
is  thus  lighter  than  that  of  the  Militdrbahn,  which  had  been  strengthened  for  the  high-speed 
electric  trials.  The  track  on  this  Hanover  line  was  so  little  affected  by  the  high-speed  trials,  that 
no  repairs  were  necessary  after  they  were  over ;  the  inference  may  be  drawn  that  in  Germany 
the  track  is  stronger  than  is  generally  thought,  and  that  the  type  of  track  now  adopted  on  main 
lines  is  quite  good  enough  for  speeds  exceeding  90  kilometres  (55*9  miles)  per  hour,  and  for  a 
high-speed  service.  It  seems,  on  the  contrary,  doubtful  whether  any  further  stiffening  of  the 
track  is  conducive  to  the  smoother  running  of  the  trains  (*).  The  superelevation  now  given  is 
also  sufficient  for  the  purposes  of  a  high-speed  service. 

On  the  other  hand,  the  supervision  of  the  track  and  the  safety  and  signalling  appliances  require 
further  improvement.  Brake  trials  have  shown  that  at  a  speed  of  130  kilometres  (80*8  miles)  per 
hour,  with  a  brake  efficiency  of  100  per  cent,  the  train  does  not  stop,  after  the  brakes  have  been 
applied,  till  it  has  run  about  1 ,400  metres  (1 ,500  yards).  Now  this  is  a  longer  distance  than  that 
at  present  adopted  between  the  distant  and  the  home  signals.  The  brake  trials  carried  out  in 
connection  with  the  high-speed  trials  on  the  Militdrbahn ,\i^di  already  shown  that  special  precau 
tions  were  required  in  this  connection  in  the  case  of  high-speed  runs.  As  in  the  case  that  we  are 
considering,  the  line  could  not  be  monopolized  for  the  trials  (as  it  could  in  the  Milit&rbahn  trials), 
but  had  also  to  be  used  for  the  regular  service,  and  as  it  was  difficult,  owing  to  its  length,  to 
keep  the  whole  line  clear  during  the  trials,  it  was  necessary,  in  order  to  avoid  accidents,  to  issue 
very  strict  and  definite  instructions  to  all  the  line  and  station  employees. 

Three  different  locomotives  were  used  to  haul  the  trial  trains ;  as  already  stated  one  of  these 
had  40  axles  and  the  other  20.  The  trains  consisted  of  AB,  ABC  and  C  cars,  which  were  care- 
fully greased  and  coupled  up  as  the  regulations  direct.  The  40-axle  train  weighed  317-92  tons 
(312-90  English  tons),  the  20-axle  train  15640  tens  (15393  English  tons).  Altogether  twenty 
trial  runs  were  made,  three  of  which  were  of  locomotives  alone,  in  order  to  see  how  they  behaved 
at  high  speeds.  It  was  found  that  although  the  time-tables  which  had  been  drawn  up  could  be 
kept  as  far  as  the  total  time  for  the  run  was  concerned,  it  was  not  possible  to  attain  the  speed  of 
140  kilometres  (87  miles)  per  hour,  even  when  the  train  only  consisted  of  20  axles,  in  the  first 
place  because  the  locomotive  power  available  was  not  sufficient  between  the  successive  slacks, 
secondly  because  two  of  the  locomotives  used  began  to  be  very  unsteady  already  at  1 20  kilometres 
(74-6  miles)  per  hour.  Among  the  seventeen  other  trial  runs,  there  are  some  which  are  not 
suitable  for  comparative  purposes,  because  exact  data  could  not  be  obtained  owing  to  delays, 
slacks  or  sundry  other  incidents.  For  the  comparison  proper,  only  six  runs  are  available  :  one 
with  40  axles  and  one  with  20  axles,  with  each  of  the  three  locomotives. 

The  locomotives  which  belonged  to  the  Hanover,  Cologne  and  Elberfeld  managements  respect- 
ively, could  be  prepared  but  little  for  the  trial  runs,  for  time  was  short  and  the  locomotives 
belonging  to  the  Cologne  and  Elberfeld  managements  could  only  be  lent  for  a  few  days.     The 


(*)  11  is  quite  possible  that  the  last  word  on  this  point  has  not  yet  been  uttered.  We  would  remind 
our  readers  that  before  stiffen  tracks  were  adopted,  what  is  now  said  about  the  latter  was  then  said  about 
tlie  33*4  kilogram  (67*3  lb.  per  yard)  rail.  Theory  will  not  enable  us  to  decide  this  point,  but  only 
extended  experiments,  such  as  are  at  present  being  carried  out  with  heavier  rails.  (Note  by  the  editor 
of  the  Zeitvng.) 
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locomotive  of  the  Hanover  management  was  a  four-cylinder  compound,  of  the  4-4-2  type.  As  it 
was  built  by  the  Hanover  Maschinenbau  Company  (successors  to  Egestoi-ffj  at  Linden  near 
Hanover,  and  had  been  delivered  in  November  1903,  it  had  already  done  a  fair  amount  of  work; 
ii  ^d  run  51,500  kilometres  (32,000  miles).  Although  it  had  during  this  period  been  used 
continually  for  severe  work,  it  was  still,  of  the  three  locomotives  used  in  these  trials,  the  one  in 
best  condition.  It  was  only  during  the  last  trial  run,  when  exceptionally  heavy  work  was  being 
done,  that  some  of  the  smoke  tubes  began  to  leak.  The  Cologne  locomotive  was  also  a  four- 
cylinder  compound,  of  the  4-4-2  type.  It  was  built  at  the  Grafenstaden  works  and  had  already 
been  delivered  in  1902.  But  it  had  only  been  in  use  two  months  and  consequently  had  only  run 
2,046  kilometres  ( 1 ,27 1  miles).  Nevertheless  it  was  not  in  good  condition ;  the  tube  joints  at  the 
fii-e-box  end  were  leaky,  and  some  of  the  driving  rod  bearings  and  one  carrying  axle  bearing  ran 
hot.  It  was  therefore  necessary  to  repair  the  locomotive  before  the  trials.  As  it  ran  unsteadily 
at  high  speeds,  it  was  overhauled  after  the  trial  runs  and  cai'efuUy  examined ;  but  apart  from  a 
slight  amount  of  play  in  the  bearings  of  the  driving  axle,  no  special  reason  for  the  unsteady 
running  could  be  discovered.  The  third  locomotive,  the  Elberfeld  one,  was  an  express  locomotive 
using  superheated  steam;  it  was  a  non  compound  with  two  cylinders,  of  the  4-4-0  type.  It  vwis 
built  by  Borsig  and  delivered  in  1903 ;  it  had  only  been  two  months  in  use  but  had  already  run 
1 1 ,560  kilometres  (7, 1 83  miles).  It  also  was  not  in  good  condition. 
The  chief  dimensions  of  the  three  locomotives  are  as  follows  : 


Four^jyliuder 
compouud 

express, 
4-4-2  type, 

Haiiover. 


P'our-oyliuder 
compouud 
express, 
4-4-2  type, 

Omfeusiadcu. 


Two-cyliuder 

uou  compound 

using 

superheated 

stcum. 

4-4-<ttype, 

lioi'^ig. 


Working  pressure,  in  kilograms  per  square  centimetre  (in  lb. 
per  square  inch) 


14 
(199-1) 

I  2  of  ^) 

Diameter  of  cyliuderii,  in  millimetres » ..^"^,  ?  *^I  !^ 


Length  of  Stroke,  in  milllmeti*es.     .     .     . 
])iameter  of  driving  wheels,  in  millimeires 


Heating  surface  (superheater  included),  in  square  metres  (in 
square  feet) 

Grate  area,  in  square  metres  (in  square  feet 

Weight  in  ruiwiug  order,  in  tons  (in  English  tons) 

Adhesive  weight,  in  tons  (in  English  tons 

Weight  of  lender,  lo^ided,  in  tons  ,in  English  tons) 

Wheelbase  of  locomotive,  in  met!  es 

Total  wheelbase  of  locomotive  and  tender,  in  metres  .... 


Cool  carried,  in  tons .     , 
Water  cairied,  in  tons  , 


2oflft.23/,«in 
iBd  2 of  1ft.  loin.) 

6fiO 
(1  fU  11  ^i/H  in.) 

6  ft.  6  in.i 

165-90 
(l,753'.i0) 

2-70 
{29-06} 

59-82 

(5S-8S) 

30-40 
(29-92) 

(42  68: 

9 
(29  ft.  6  in.) 

15-400 
{50  ft.  6  in.: 

5 

19 


14 

(199-1) 

2  of  340 

and  2  of  560 
2  of  1  ft.  1  «/8  in. 
ud  2  of  1ft.  10  in. 

610 
(2  ft.  1  »/„  in.) 

1,9R0 
(6  ft.  6  in.) 

l^5•:^o 

(1,671-70) 

2-72 

(29-28) 

65 

(63-97) 

32 

(31-49) 

47-80 
(47-05) 

8-200 
(26fl.lliu.) 

15-4(X) 
^50  ft.  6  in.) 

5 

20 


12 

(170-7) 

2  of  530 
(2  of  1ft.  8  "gin., 

6C0 
(Ifl.  ll&/,in., 

1,960 
(6  ft.  6  io.) 

101-7  -f  30-75 

a,094-TJ  +  331) 

2-97 

(31-97) 

M-50 

(53-64) 

30-80 
(30-31) 

42 

(41-34) 

7-660 
(25  ft.  1  */8  in.) 

15-lCX) 
l49  ft.  7  in.) 

4 

16 
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The  necessary  observations  and  readings  ^ere  taken,  while  mnning,  at  intervals  of  a  minute. 
In  addition  to  the  speeds  (recorded  in  kilometres  per  hour),  observations  were  made  and  records 
taken  of  the  pressure  in  the  boiler,  in  the  high  pressure  valve  chest  and  in  the  intermediate 
receiver,  of  the  percentages  of  cut-off  in  the  high  pressure  and  low  pressure  cylinders,  and  of  the 
vacuum  in  the  smoke-box.  Moreover,  the  level  of  the  water  in  the  boiler  and  the  position  of  the 
regulator,  were  noted  frequently.  Finally,  as  the  trials  were  more  particularly  intended  to  gpive 
information  as  to  material  consumed,  the  water  fed  into  the  boiler  by  the  injector  was  also 
recorded,  and  the  water  used  on  the  coal.  Exact  measurements  were  also  taken  of  the  coal  used 
while  lighting  the  fires  and  while  running,  and  of  the  lubricating  materials  used.  Finally,  the 
air  temperature  and  the  feed- water  temperature  were  also  measured,  as  well  as  the  force  and 
direction  of  the  wind. 

The  maximum  speeds  attained  by  these  locomotives,  when  running  alone,  were  :  locomotive 
No.  1,  143  kilometres  (88*9  miles)  per  hour;  locomotive  No.  2,  132  kilometres  (82  miles)  per 
hour;  locomotive  No.  3,  132  kilometres  (82  miles)  per  hour.  When  hauling  trains,  the  three 
locomotives  ran  at  the  following  average  speeds  : 

a)  When  hauling  a  train  of  40  axles  : 


Calculuted  speed. 

93  kilometres  (57*8  miles)  per  hour. 
88        —        (54-7    —  )       — 


Time  required 

for  whole  run, 

all  stops 

included. 

Toral  time 
lost. 

Net  time 
of  running. 

Locomotive  No.  1.     . 

176  minutes. 

19  minutes. 

157  minutes. 

—          No.  2.     . 

195      — 

29      — 

166      — 

—         No.  3. 


179      — 


17      — 


b)  When  hauling  a  train  of  20  axles 


Locomotive  No.  1. 

—  No.  2. 

—  No.  3. 


Time  required 

for  whole  run, 

all  stops 

included. 

171  minutes. 

171       — 

171       — 


Total  time 
lost. 


162      — 


Net  time 
of  running. 


90        —        (55-9    —  )       — 


Calculated  speed. 


28  minutes.     143  minufces.     103  kilometres  (64   miles)  per  hour. 


18      —  153 


95 


26 


145      —  lOi 


-  (59      -)       - 

—  (62-8  —  )       — 


The  actual  acceleration,  after  running  five  minutes,  was  : 

Looomotlve 


Train  of  40  axles 
—    of  20    — 


11  kilom.  (6-8  miles) 
per  minute. 

16  kilom.  (9-9  miles) 
per  minute. 


Or,  per  100  tons  of  gross  load  hauled  ; 


Trjiin  of  40  axles 


-    of20    — 


46  kilom.  (286  miles) 

per  minute. 
40  kilom.  (24*9  miles) 

per  minute. 


2. 


12  kilom.  (7*5  miles) 
per  minute. 

16  kilom.  (9-9  miles) 
per  minute. 


No.  2. 
51  kilom.  (31-7  miles) 

per  minute. 
42  kilom.  (26-1  miles) 

per  minute. 


No.  3. 

12  kilom.  (7-5  miles) 
per  minute. 

14  kilom.  (8-7  miles) 
per  minute. 


No.  3. 
49  kilom.  (304  miles) 

per  minute. 
35  kilom.  (21  7  miles) 

per  minute. 


The  times  of  running  before  attaining  :  a)  a  speed  of  100  kilometres  (62-1  miles)  per  hour 
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with  the  40  axle  train ;  b)  a  speed  of  120  kilometres  (74-6  miles)  per  hour  with  the  20  axle  train, 
amounted  on  the  outward  journey  (from  Hanover,  allowing  for  a  service  slack)  to  : 


Looomotive 


Fo.  1. 

No.  2. 

No.  3. 

26  minutes. 

29  minutes. 

36  minutes. 

23      — 

22      — 

25      — 

and  after  starting  from  Stendal,  also  allowing  for  a  service  slack 

Looomotive 


No.  1. 

No.  2. 

No.  3. 

13  minutes. 

21  minutes. 

18  minutes. 

16      — 

21      — 

18      - 

Grouping  together  the  different  speeds  attained,  we  obtain  the  following  table  ; 

Looomotivo 


Train  of  40  axles : 
Mean  speed  .     .      . 

Speed  when  constant 

Maximum  speed.     . 

T?^ain  of  20  axles  : 
Mean  speed  . 

Speed  when  constant 

Maximum  speed 


No.  1. 

93  kilom.  (57-8  miles) 

per  hour. 
108  kilom.  (67*1  miles) 

per  hour. 
125  kilom.  (77*7  miles) 

per  hour. 


103  kilom.  (64-0  miles) 

per  hour 
124  kilom.  (77-1  miles) 

per  hour. 
133  kilom.  (82-6  miles) 

per  hour. 


No.  2. 

88  kilom.  (54*7  miles) 

per  hour. 
106  kilom.  (65*9  miles) 

per  hour. 
112  kilom.  (69-6  miles) 

per  hour. 


93  kilom.  (57*8  miles) 

per  hour. 
118  kilom.  (73-3  miles) 

per  hour. 
129  kilom.  (80  2  miles) 

per  hour. 


No.  3. 
90  kilom.  (55  9  miles) 

per  hour. 
108  kilom.  (67-1  miles) 

per  hour. 

112  kilom.  (69-6  miles) 

per  hour. 


101  kilom.  (62  8  miles) 

per  hour. 
118  kilom.  (73-3  miles) 

per  hour. 
124  kilom.  (77  1  miles) 

per  hour. 


The  principal  data  referring  to  the  performances  of  the  locomotives  are  given  in  the  following 
table  : 


Forty -axle  train. 


Tweutyaxle  train. 


1 


"Weight  of  train,  in  tons  (in  English  tons]  ...... 

Mean  axle-load,  in  tons  (in  English  tons^ 

Axle-kilometres  taxle-miles',  section  2435  kilometres  (151'3 
miles  in  length 

Ton-kilometres  -.English  ton-miles)  hauled 

Mean  weight  of  locomotive  in  running  order,  in  tons  (in 
English  tons) 

Total  ton-kilometres  (English  ton-miles) 

Horse-power  used  up  by  locomotive  itself  when  running  at 
constant  speed  (British  horse-power) 

Mean  indicated  horse-power  (British  horse-power) .... 

Indicated    horse-power  when   running  at  constant   speed 
(British  horse-power) 


77 

04 

f92-5) 

100.809 

(61,652) 

572 

1564) 

1,1?1 

(1,106) 

1,544 

(1.523) 


320  (315) 
8(7-9) 

9,740   l6,(»2: 


920  (47,663) 


103 
(101-4) 

130,000 
(79,504) 

522 

(515) 

1.001 
(987) 

1,451 

(1.431) 


89 

(87-6) 

99,592 
(60,907; 

612 

(604) 

1,083 
(1.068) 

1..5a5 
(1,563) 


158(1^-5) 
7-9(7-8) 

4,870   (3,026) 

38,473  (23.529) 

94 

(92-5) 

61.362 
(37.527) 

671 
(662) 

810 
099) 

1.2fi5 
:i.26i 


795 

(7S4) 

962 
(989; 

1,499 
(1,479) 


103 
(101-4J 

^,554 
[^.868; 


89 

(87-6 

60,145 

(36,>3 

759 
(749 

903 
(891) 
1,:?73 
;i,354) 


Digitized  by 


Google 


—  1677  — 

When  running  alone,  locomotive  No.  1  was  still  perfectly  steady  at  the  highest  speeds,  so  that 
the  speed  might  have  been  increased  still  further.  But  the  speed  of  the  Qrafeustaden  locomotive 
was  limited  by  the  fact  that  too  much  sideway  oscillation  set  in.  This  is,  however,  attributed  to 
the  condition  of  the  locomotive  rather  than  to  its  design.  The  locomotive  using  superheated  steam 
only  showed  slight  sideway  oscillation ;  at  the  cab  end,  there  was  some  up  and  down  motion,  pos- 
sibly because  the  bearing  springs  were  too  stiff.  But  when  running  at  speeds  of  1 15  kilometres 
\71*5  miles)  per  hour,  this  locomotive  showed  a  remarkable  end  way  oscillation,  which  became 
more  marked  later  on,  when  the  play  increased,  and  which  was  then  already  very  appreciable 
at  100  kilometres  62*1  miles)  per  hour.  Similar  observations  had  already  been  made  during 
the  trial  runs  of  a  three-cylinder  locomotive  of  the  4-8-0  type.  An  explanation  of  this  pheno- 
menon has  not  yet  been  given.  Mr.  Leitzmann  thinks  it  depends  on  the  conditions  of  pressure 
under  which  the  steam  works  in  the  cylinders.  It  would  thus  be  necessary  to  alter  the  compres- 
sion of  the  steam  when  the  speed  is  materially  increased ;  for  according  to  Leitzmann,  this  forms 
the  only  counterbalance  to  the  action  of  the  non-balanced  masses,  which  increases  as  the  square 
of  the  speed.  K  there  is  not  sufficient  compression,  the  moment  at  which  the  action  is  reversed 
approaches  dangerously  near  to  the  dead  point,  and  then  under  certain  conditions  shocks  may  be 
produced  of  sufficient  violence  to  break  up  the  whole  engine,  as  has  already  happened  in  the  case 
of  marine  engines.  But  as  probably  the  compression  increases  also  more  quickly  than  the 
velocity,  it  seems  that  there  is  a  certain  critical  velocity  at  which  the  action  of  the  masses  is 
a  maximum.  This  theory  is  confirmed  by  the  results  of  some  experiments;  and  it  tends  to 
show  that  endway  oscillation  can  be  overcome  by  increasing  the  critical  velocity  by  a  suitable 
system  of  construction  and  by  making  it  exceed  practical  limits  to  such  an  exteht  as  to  become 
negligible. 

There  are  also  other  points  in  which  the  locomotive  requires  improvement.  Firstly,  its  power 
must  generally  speaking  be  sufficiently  increased  to  enable  it  to  haul  a  load  of  30  axles,  for  it  is 
hardly  probable  that  an  economic  service  could  be  run  with  smaller  loads.  In  the  trial  runs  in 
fact  the  useful  horse-power  only  amounted  to  44  per  cent  of  the  indicated  horse-power,  when  the 
20  axle  train  was  hauled.  Moreover,  all  the  different  parts  require  to  be  designed  to  suit  the 
higher  speed ;  thus  it  is  necessary  to  increase  the  diameter  of  the  driving  wheels  so  that  the 
rate  of  revolution  of  the  wheels  and  the  speed  of  the  piston  may  be  reduced  to  the  values  now 
admitted.  In  the  trial  runs,  the  driving  wheels  of  the  three  locomotives,  at  120  kilometres 
(74*6  miles)  per  hour,  revolved  5*36  times  per  second,  and  the  mean  piston  speed  was  6*6  metres 
(21  ft.  8  in.)  per  second.  The  strength  of  the  driving  mechanism  also  is  of  course  of  much 
importance. 

As  already  observed,  it  is  also  necessary  to  increase  the  compression  of  the  steam  in  the  cylin- 
ders, by  giving  the  slide  valves  suitable  dimensions,  so  that  the  greater  action  of  the  masses  may 
be  counteracted.  At  very  high  speeds,  exceeding  1 10  kilometres  (68  4  miles)  per  hour,  it  seems 
that  from  the  point  of  view  of  reducing  these  actions,  the  four-cylinder  type  of  locomotive  is  the 
only  type  to  be  considered,  and  that  with  each  pair  of  cylinders  directly  opposite  each  other,  so 
that  the  wheels  may  require  no  counterweights. 

As  regards  the  fuel  consumption,  the  trial  runs  showed  that  in  this  case  also,  although  the  dis- 
tances run  were  fairly  long,  the  quantity  of  coal  required  for  lighting  up  was  25  per  cent  of  the 
quantity  cDnsumed  while  running ;  then  also  that  the  consumption  of  fuel  per  train-kilometre  was 
very  high  and  exceeded  12  kilograms  (42*5  lb.  per  train-mile).  Per  unit  of  time  and  distance,  the 
locomotive  using  superheated  steam  consumed  least  coal.  It  was  also  very  economical  as  regards 
amount  of  steam  used,  and  so  these  trial  runs  once  more  give  evidence  in  favour  of  the  superiority 
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of  superheated  steam.  It  was  only  from  the  point  of  view  of  wear  and  tear  that  ike  boiler  of  the 
locomotive  usiag  superheated  steam  {of  small  dinensioiis  it  is  true ;  jee  table  of  duef  duDeasions) 
came  last,  whereas  the  Grafenstaden  locomotive  came  first.  It  follows,  as  before,  that  special 
attention  should  be  paid  to  locomottTes  using  fiuperhoated  steam. 
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THE    PASSENGER    SERVICE   ON    THE   CEYLON    RAILWAYS, 


By  Messrs.  BLUM  and  E.  GIESE, 

aOVBSNMENT  BNtHlfBBRg. 

Figs.  1  to  6,  pp.  1©?0  to  1684. 


[Zeitung  deg  Verelns.) 


Geographically  the  luxuriant  tropical  island  of  Ceylan  forms  part  of  India,  but  judged  by  its 
inhabitants,  its  religion  and  its  culture,  by  its  mountainous  character,  by  its  exceedingly  great 
fertility,  its  differs  essentially  from  the  Indian  Continent  and  is  much  more  nearly  akin  to 
Burmah  and  Java,  both  in  appearance  and  in  its  conditions  of  life.  From  a  political  standpoint 
too,  Ceylon  is  a  colony  independent  of  the  Indian  empire.  Moreover,  its  trade  and  business 
relations  with  the  Indian  Continent  are  not  very  close,  and  at  present  are  only  assured  by  a  daily 
service  of  steamers  between  Colombo  and  Tuticorin.  True,  at  this  moment,  there  is  a  scheme 
on  foot  for  starting  a  direct  connection  by  rail  between  India  and  Ceylon  by  means  of  a  line 
across  Palk  strait.  This  undertaking  is  far  from  being  as  immense  as  it  might  seem  at  first 
sight,  for  the  strait  is  very  shallow  and  is  studded  with  a  continuous  series  of  islets  and  sandbanks 
forming  what  is  known  as  Adams  Bridge.  It  is  proposed  at  the  same  time  as  this  railway  is 
built  —  it  would  be  mainly  laid  on  an  embankment  —  to  make  a  canal  which  would  render  Palk 
strait  navigable  for  ships  of  a  certain  draught.  At  present  they  cannot  get  through,  and  the 
possibility  would  shorten  the  route  considerably  from  Aden  to  Madras,  Rangoon  and  Calcutta. 

The  most  important  railways  in  Ceylon  (vide  fig.  1)  are  the  two  lines  from  Colombo,  one  going 
south  to  connect  with  Galle  and  Matura,  the  other  piercing  the  centre  of  the  country  towards 
Kandy,  Matale  and  Bandarawela.  It  is  proposed  to  make  another  line  northwards  from  Colombo, 
and  this  would  eventually  be  extended  to  India ;  a  short  section  of  this  line,  in  the  northern  part 
ol  tiie  island,  is  already  open.  The  lines  so  far  mentioned,  are  broad  gauge  (5  ft.  6  in.),  the 
selection  of  which  can  scarcely  be  regarded  as  fortunate  for  Ceylon,  because  in  this  comparatively 
small  b«t  very  hilly  country,  it  is  not  even  our  normal  gauge  but  rather  metre  gauge (3 ft.  3  '/g  in.) 
that  ought  to  be  used.  So  for  two  secondary  lines  more  recently  built,  in  order  to  reduce  the 
cost  of  construction,  the  broad  gauge  has  been  given  up  and  one  of  2  IL  6  in.  has  been  selected. 
This  little  country  ha^^  therefore,  several  gauges. 

The  importance  of  the  Ceylon  railways  lies  in  their  qualification  of  serving  as  feeders  for 
conveying  to  Colombo,  the  main  centre  of  foreign  trade,  the  wealth  of  the  country,  especially 
tropical  fruits,  graphite  and  tea.  The  line  going  eastwards  is,  moreover,  of  special  importance, 
because  it  makes  it  easy  for  Europeans  to  get  quickly  to  the  healthy  hill  resorts.  In  building  and 
working  the  lines,  no  notice  had  to  be  taken  of  the  habits  of  the  natives,  because,  having  been 
subdued  long  since,  they  soon  became  familiarized  with  European  customs,  in  so  far  as  was  neces- 
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sary  for  railway  business.  As  the  Ceylon  lines  were  built  for  the  Government  by  English  engi- 
neers, one  naturally  finds  mostly  English  methods  of  construction,  but  these  have  been  very 
cleverly  adapted  to  the  needs  of  a  tropical  climate. 


n^ach  Madras 


VorderfJndien 

-Jfatiira 


*omaK 


EisenbaJuien  nvU  BrcuLspur 
-f+f -ff  ♦   ProjektLTteEisenJuihnea  mUBreUspiw ColOffiB 
— .^-^  EcstnbahiuA  mit  f  m-SpLur 
• Projekbrte  Eistn  ^ahjttn  hut  im-Spar 


Fig.  1.  —  Map  of  Ceylon  and  Southern  India. 

Explanation  of  German  terma  :  Adams  BrCcke  =  Adams  bridge.  —  Eisenbuhueu  mit  Breitspur  ss  Broad  gauge 
Hues.  —  Eisenbahnen  mit  1  m.  Spur  =  Metre-gauge  (3  ft.  3  3/g  Id.)  lines.  —  Massstab  s=  Scale.  —  Nach  Madras 
=  Towards  Madras.  —  Pallc-Strasse  =  Palk  Strait.  —  Projelttirte  Eisenbahnen  mit  Breitspur  =  Projected 
broad  gauge  lines.  —  Projektirte  Eisenbahnen  mit  1  m.  Spur  =  Projected  metre-gauge  (3  ft.  3  ^/g  in.;  lines.  — 
Vorder-lndien  =  British  India. 

Train-speed  is  not  high;  this  is  due  to  the  hilly  character  of  the  country  and  does  not  seem  to 
trouble  passengers  very  much  as  the  distances  are  by  no  means  great.  The  table  below  shows 
the  average  inclusive  speed  of  the  best  trains  and  the  number  of  pairs  of  through  trains  on  the 
three  most  important  lines. 


RAILWAY. 

Length, 

in  kilometres 

(in  miles). 

Time  of  journey, 
in  hours. 

Average  speed. 

in  kilometres 

(in  miles) 

per  hour. 

Number  of  pairs 

of 
through  trains. 

Colombo-Galle     .     .     . 
Colombo- Kandy  .     .     . 
Peradeniya-  Nanuoya .      . 

119  (73-9) 

121(75-2) 

92(57-2) 

3  35 
3  45 
4-25 

31  7(19-7) 
32-3  (20- 1) 
20-7(12-9) 

4 

4 
5 
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The  speed  of  stopping  trains  seldom  exceeds  18  kilometres  (11*2  miles)  an  hour,  and  on  the 
narrow-gauge  lines  falls  as  low  as  10  kilometres  (6-2  miles).  The  average  inclusive  speeds 
which  we  met  with  on  the  different  lines  and  the  general  average  speed  are  shown  in  the  table 
below  : 


JOtJRNBY 

Kind  of  train. 

Gauge, 

in  metre 

(in  feet 

and  inches). 

2 
1 

t 
1 

Distance, 

in  kilometres 

(in  miles). 

lit 

o 

Average 

inclusive  speed, 

in  kilometres 

(in  miles) 

per  hour. 

from 

to 

March  5,  1904 

-  5.    - 

-  6,    - 

-  6.    - 

-  8,    - 

-  9.    - 

-  9,    - 

-  10,    - 

-  10,    - 

-  11,    - 

-  11.    - 

Totals. 

Colombo. 

Mount  Lavinia. 

Colombo. 

Waga. 
Colombo. 

Kandy. 

Matale. 

Kandy. 

Nanuoya. 

Nuwara-Eliya. 

Nanuoya. 

Mount  Lavinia. 
Colombo. 

Waga. 
Colombo. 

Kandy. 

Matale. 

Kandy. 

Nanuoya. 

Nuwara-Eliya. 

Nanuoya. 

Colombo. 

Suburban  train. 

Mixed  train. 

Through  train. 

Mixed  train. 

Train  stopping  ^ 
everywhere. 

Through  train. 

1-67  (5' 6") 
1-67  (5' 6") 
0-76  (2*  6") 
0-76  (2' 6") 
1-67  (5' 6") 
1-67  15' 6") 
1-67  (5' 6") 
1-67  (5' 6") 
0-76  (2' 6") 
0-76  (2' 6") 
1-67  (5' 6" 

4-36 
6i» 
2-35 
4-41 
2-15 
2-45 
4-10 

10-30 
3-50 

.8-45 
9-40 

5-10 
7-M 
4-16 
6-24 
6-00 
3-54 
5-17 
3-20 
4-35 
9-30 
5-45 

11  (6-8) 
11  (6-8) 
16  (9-9) 
16        (9-9) 

121  (75-2) 
26  (16-2) 
26  (16-2) 
99  (61-5) 
10-5  (6-5) 
10-5     (6-5} 

207     :i28-6) 

0-35 
0-48 
1-41 
1-43 
3-45 
1-09 
1-07 
4-50 
0-45 
0-45 
8-06 

18-9(11-7) 
13-8  (8-6) 
10-0  (6-2) 
10-0  (6-2) 
32-3  (JO-l) 
22-6(14-0) 
23-2(14-4) 
20-5(12-7} 
14       (8-7) 
14       (8-7) 
25-5  (15-8) 

554     (344-1) 

»-13 

22     (13-6) 

The  low  speed  is  in  some  measure  compensated  for  by  the  large,  number  of  connections.  The 
number  of  pairs  of  through  trains  which,  according  to  the  last  column  of  the  first  table,  is  from 
four  to  five,  must  be  regarded  as  comparatively  high,  especially  as  many  trains  are  interpolated 
on  some  sections.  Of  the  two  lines  running  into  Colombo,  one  runs  seven  and  the  other  thirteen 
pairs  of  trains,  without  counting  a  large  number  of  suburban  trains. 

In  accordance  with  English  custom,  the  Sunday  time-table  is  different  and  shows  much  fewer 
trains.  At  Colombo,  there  are  no  through  cars  between  the  Kandy  and  Galle  lines ;  but  the 
circumstances  do  not  require  this.  On  the  other  hand,  through  trains  are  run  on  the  Colombo- 
Kandy,  Colombo-Bandarawela  and  Kandy-Bandarawela  lines.  The  point  at  which  these  trains 
meet,  is  Peradeniya,  and  consequently  the  time-table  is  arranged  so  that  three  through  trains  meet 
there  each  time;  they  are  split  up  into  two  portions  and  the  corresponding  through  cars  are  mar- 
shalled into  three  new  trains.  Despite  the  comparatively  short  sections,  one  night  train  runs 
between  Colombo,  Kandy  and  Bandarawela,  because  in  the  hot  season  the  journey  by  day  is  very 
trying,  and  often  even  rather  dangerous,  for  Europeans  (*). 

In  Ceylon,  as  in  most  tropical  countries,  there  are  three  classes  of  carriages,  the  first  being 
utilised  almost  exclusively  by  Europeans,  the  second  by  Europeans,  half-breeds  and  wealthy 
natives  and  the  third  by  natives  only.     The  seats  of  the  first  and  second  class  cars  are  upholstered 


(*)  As  regards  night  trains,  Ceylon  differs  advantageously  from  Java,  where  trains  only  nm  in  the 
day  time. 
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or  covered  with  split  cane ;  in  the  third  class  cars  the  seats  are  wooden.  Most  of  the  cars  are 
eight  wheeled,  with  two  bogies.  On  the  broad-gauge  lines  thej  have  two  buffers,  whereas  on 
the  narrow-gauge  lines  a  central  buffer  and  drawgear  has  been  adopted.  In  the  third  class,  the 
floor  arrangement  is  like  ours  with  transverse  compartments.  The  sides  often  do  not  reach  beyond 
half  way  up  the  body.  Transverse  compartments  are  also  often  met  with  in  the  1**  and  2°*  class 
cars,  but  apparently  a  preference  is  shown  for  rather  larger  compartments  and  as  these  are 
arranged  in  many  different  ways  there  is  considerable  variety  in  subdividing  the  floor  space. 
Figure  2  represents  a  1**  class  car,  comprising  three  large  compartments  for  ladies,  smokers  and 


Fig.  2. 
Explanation  of  German  terms :  Dameu  =  Ladies.  —  Raucher  =  Smoking. 
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Fig.  4. 

non-smokers.  The  backs  of  the  seats  for  two  persons  in  the  centre  compartment  can  be  reversed, 
as  on  the  American  railways,  so  that  a  passenger  can  travel  facing  or  with  his  back  to  the  engine 
as  he  chooses.  As  regards  the  seats  for  one  person,  a  berth  can  be  made  between  two  seats  by 
folding  down  one  of  the  backs ;  moreover,  the  back  can  be  adjusted  at  different  angles.  Figure  3 
shows  a  car  for  1**,  2"**  and  3^<*  class  where  two  H  and  two  2^**  class  compartments  are  arranged 
so  that  the  lavatories,  situated  in  the  middle,  are  accessible  from  either  side.  For  longer  journeys, 
the  1**  and  2°<*  class  car,  shown  in  figure  4,  has  been  found  very  convenient.  For  each  class,  it 
contains  a  small  transverse  compartment  into  which  passengers,  especially  ladies,  who  want  to 
be  alone,  can  retire,  and  two  larger  compartments  of  which  the  1*^  class  one  has  moveable 
armchairs,  rendering  it  possible  to  look  out  readily ;  the  2^<^  class  large  compartment  is  fitted, 
as  the  carriages  on  the  Indian  railways,  with  transverse  and  longitudinal  seats. 

As  regards  the  fittings  of  the  cars,  we  ought  to  mention  the  double  roof  and  the  double  sides» 
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used  as  on  the  Indian  railways,  to  protect  the  interior  from  the  direct  action  of  the  sun's  rays. 
The  special  side  walls  of  the  1'*  and  2"<*  class  cars  go  down  so  low,  that  the  parts  situated  at  the 
doors  have  to  be  made  moveable.  But  as  this  is  expensive,  these  protecting  sides  stop  short 
at  a  height  sufficient  to  allow  of  the  doors  being  still  capable  of  being  opened  below  them 
(vide  fig.  5).  Consequently,  the  protection  against  the  sun's  rays  is  less  efficient  than  with  sides 
that  reach  lower  down,  but  it  is  not  necessary  for  it  to  be  as  good,  because  the  natives  travelling 
third  class  feel  the  heat  much  less.  In  order  to  have  as  free  a  passage  as  possible  for  the  air, 
the  sides  are  perforated  with  openings  and  these  can  be  closed,  in  the  1»*  and  2^  class,  by 
windows  or  wooden  blinds.  In  the  S'^  class,  these  openings  are  often  incapable  of  being  closed 
in  any  way.     The  cars  are  lighted  by  gas.     There  are  plenty  of  nets  for  hand  luggage,  and 


Fig.  5.  —  3'd  class  car. 

moreover,  the  free  spaces  under  the  seats  can  be  utilised  for  this  purpose  as  heating  is  unknown. 

Except  for  a  few  cars  used  on  the  suburban  service  round  Colombo,  all  1*^  and  2"^*^  class  cars 
are  supplied  with  water-closets ;  the  latter  are  often  devised  to  serve  more  than  one  compartment, 
and  they  are  remarkable  for  their  cleanliness  and  suitable  lavatory  accommodation. 

The  night  express  on  the  Colombo,  Bandarawela  and  Kandy  line  has  sleeping  cars  with  eight 
beds  arranged  as  upper  and  lower  berths  along  the  sides.  The  beds  possess,  therefore,  the  advan- 
tage of  being  situated  longitudinally  along  the  car.  On  the  day  expresses  over  the  mountain 
line,  restaurant  cars  are  run,  but  these  can  only  be  used  by  1*^  and  2°'*  class  passengers,  and  they 
belong  to  a  private  company.  These  cars  are  built  (fig.  6)  with  a  kitchen  and  office  at  one 
end,  and  a  pantry  and  scullery  at  the  other.  Between  these  two  is  the  restaurant  with  three 
tables  and  seating  capacity  for  eighteen  people.  The  two  small  serving  tables  which  take  up  a 
lot  of  room  are  little  utilized.  The  restaurant  cars  are  used  mainly  for  lunch  or  *'  tiffin  "  which 
costs  2  rupees  (2*.  Sd.).  As  the  trains  have  no  corridors,  there  is  the  inconvenience  of  having  to 
separate  oneself  from  one's  car  and  baggage  altogether  during  the  meal,  if  one  uses  the  restaurant. 
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The  fares  on  the  Ceylon  railways  are  about  8-25.  5*50  and  275  francs  per  100  kilometres 
(105.7  *kd.,7s.  Id.  and  3s.  6  Vj  d.  per  100  miles)for  the  three  classes  respectively;  as  no  reduction 
is  made  for  return  tickets  the  fares  are  much  the  same  as  in  Germany,  except  that  1»*  class  must 
be  compared  with  2»*^  on  the  German  railways,  2"^  with  3^,  and  3"^  with  4^^. 

The  station  buildings  for  passengers  do  not  offer  much  comfort.  There  is  usually  no  kind  of 
shelter  for  3^^  class  passengers  and  this  is  explained  by  the  fact  that  the  natives  who  live  in  simple 
huts  do  not  require  any  such  luxury.  In  the  middle  of  the  building,  there  is.  as  a  rule,  for  1*  and 
2nd  class  passengers  a  large  waiting  room  open  towards  the  platform  and  the  street  and  furnished 
with  seats;  on  one  side  are  the  offices  with  windows  for  issuing  tickets  and  dealing  with  luggage, 
on  the  other  is  a  special  waiting  room  labelled  «*  ladies  only  ",  but  available  for  European  men 
too.  Adjoining  this  waiting  room,  there  is  a  lavatory,  with  a  water-closet,  for  Europeans.  For 
natives  (3^  class  passengers)  there  is  often  provided  along  the  outside  of  the  offices,  a  direct 
entrance  on  to  the  platform  with  a  gate  for  inspecting  tickets,  so  that  they  need  not  even 
pass  through  the  station  buildings.  The  gate  is  usually  kept  closed  until  after  the  train  gets  in 
and  when  this  is  so,  no  natives  are  permitted  to  go  on  the  platform,  unless  they  are  provided  with 
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Fig.  6.  —  Restaurant  car. 
Explanation  of  German  terms :  Abwaschraum  =  Office.  —  Anrichte-Tisch  ==  Serving  table.  —  KQche  =  Kitchen. 

tickets;  but  Europeans  are  free  to  pass  on  to  the  platforms.  At  small  stations,  an  awning  hung 
all  round  the  station  buildings  keeps  off  the  sun  and  rain.  At  large  stations,  the  platforms  are 
protected  by  iron  coverings.  Most  stations  have  a  single  platform  running  along  the  station 
buildings ;  when  the  traffic  is  heavy  enough  to  warrant  several  platforms,  as  for  instance  at 
Colombo  and  its  suburbs,  the  platforms  are  connected  together  and  with  the  station  buildings  by 
overhead  bridges.  There  are  no  refreshment  rooms  at  the  stations;  but  they  really  are  not 
needed,  seeing  that  journeys  are  usually  short  and  that  the  through  trains  have  restaurantrcars 
attached ;  moreover,  the  way  in  which  Europeans  live  at  home  and  in  hotels,  would  hardly  lend 
itself  to  the  use  of  refreshment  rooms.  On  the  other  hand,  at  every  station,  people  walk  up  and 
down  selling  refreshments,  especially  all  kinds  of  splendid  tropical  fruit.  There  are  also,  vieing 
in  zeal  with  these  salesmen,  native  women  belonging  to  the  salvation  army  who,  here  too,  ardently 
issue  their  appeal  to  arms. 

To  sum  up,  we  may  assert  that  one  can  travel  with  more  pleasure  on  the  Ceylon  railways  than 
upon  those  of  the  other  tropical  countries  we  have  visited  (Siam,  Java,  British-India  and  Indo- 
China).  We  must  add  that  this  difference  is  mainly  due,  not  to  any  special  technical  superiority, 
but  to  the  sum-total  of  the  country's  circumstances,  to  its  hilly  and  sea  climate,  to  its  older 
culture  and  above  all  to  the  ever  varying  beauty  of  this  gorgeous  tropical  island.  The  journey 
from  Colombo  to  Kandy  and  above  all  the  trip  to  Mount  Lavinia,  are  some  of  the  most  beautiful 
within  the  tropics. 
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SECTIONAL    DISCUSSION 


Meetings  held  on  May  6,  ISO 5  (morning). 

Mk.  H.  Tylston  HODGSON,  president,  in  the  chair. 

The  President.  —  I  will  now  ask  Mr.  Hyde,  who  is  the  assistant  general  manager  of 
the  Great  Eastern  Railway  Company  of  England,  to  read  the  paper  written  by 
Mr.  Drury,  late  superintendent  of  the  Great  Eastern  Railway  Company. 

Mr.  W.  H.  Hyde,  Great  Eastern  Railway,  Great  Britain.  —  Mr.  President  and  gen- 
tlemen, I  might  first  of  all  explain  that  Mr.  Drury,  who  wrote  the  paper  on 
"  suburban  traffic,  "  has  retired  from  the  service  of  the  company  since  the  prepara- 
tion of  his  report,  and  I  have  been  asked  to  express  a  few  matters  with  regard  to 
that  paper,  not  going  fully  into  detail,  but  just  touching  upon  the  main  points. 

The  question  of  suburban  traffic  which  we  have  to  consider,  is  distinguished  from 
that  which  is  wholly  or  partly  urban,  by  the  fact  that  the  bulk  of  the  traffic  is  confined 
to  a  period  of  a  few  hours,  in  one  direction  in  the  morning  and  in  the  reverse  direc- 
tion in  the  evening. 

If  you  will  turn  to  pages  120  and  121  of  Mr.  Drury's  report  (*),  you  will  see  that 
almost  without  exception,  the  busy  period  is  of  short  duration. 

It  therefore  becomes  necessary  to  provide  a  maximum  of  accommodation  which  is 
required  only  during  certain  rush  hours,  and  which  during  those  hours,  must  afford 
the  most  complete  and  expeditious  service  possible. 

So  far  as  details  are  concerned,  the  principal  points  to  be  considered  are  as 
follows  : 

1<»  The  number  of  passengers  to  be  conveyed; 

2**  The  types  of  engines  used ; 

3**  The  types  of  carriages  used ; 

i^  The  speed  of  trains; 

5^  The  duration  of  stoppages ; 

6*  The  system  of  signalling ; 

7*»  The  track  accommodation. 

(*)  Vide  Bulletin  of  the  Railway  Congress^  No.  12,  December,  1904,  pp.  1592  and  1593. 
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The  first  point,  viz.,  that  of  the  numbers  to  be  conveyed,  to  some  extent  governs 
the  rest,  due  consideration  being  given  to  the  question  of  future  expansion  of  traffic. 

Looking  at  the  report,  we  find  that  as  shewn  on  pages  121  and  122,  the  greatest 
density  of  traffic  occurs  in  London,  and  that  in  Paris  also  the  numbers  are  large.  In 
the  other  instances,  the  figures  vary  from  60,000  to  2,000  each  way. 

With  quantities  such  as  the  last  mentioned,  we  may  presume  that  there  is  no 
special  difficulty  in  handling  the  traffic. 

Consequently,  our  attention  will  be  more  particularly  directed  to  the  centres 
where  the  numbers  are  so  vast  as  to  demand  facilities  which  are  unnecessary  else- 
where. 

As  a  concrete  case,  there  is  perhaps  no  better  illustration  than  in  that  of  the  Great 
Eastern  Railway  with  which  I  am  connected. 

Allowing  for  the  journeys  of  season  ticket  holders,  its  passengers  number  140  mil- 
lion per  annum,  and  as  a  large  proportion  of  this  number  relates  to  suburban 
traffic,  it  will  readily  be  seen  that  the  transportation  difficulty  is  a  real  one. 

So  far  as  the  engines  are  concerned,  those  employed  in  the  suburban  service  are 
all  of  the  type  known  as  the  tank.  The  suburban  lines  branch  out  in  all  direc^tions 
like  the  fingers  of  a  hand  and  the  conditions  of  traffic  vary  according  to  the  locality. 

On  certain  of  the  branches  where  frequent  slops  occur,  six  wheeled  coupled 
engines  are  employed  on  account  of  their  capability  of  starting  away  quickly  with 
heavy  loads.  The  wheels  are  4  feet  in  diameter  and  the  boiler  carries  a  pressure  of 
180  lb. 

On  other  branches  where  longer  runs  exist,  four  coupled  engines  are  employed. 
These  have  a  trailing  bogie  or  a  leading  and  trailing  pair  of  wheels  apart  from  the 
coupled  wheels,  which  vary  from  4  ft.  11  in.  to  o  ft.  8  in.  in  diameter,  the  boiler 
pressure  being  160  lb. 

The  trains  are  made  up  to  15  or  16  coaches  and  will  shortly  be  lengthened  to  17. 

Except  on  a  few  unimportant  services,  the  carriages  are  all  of  the  widened  type, 
seating  6  a  side  in  the  2'"^  and  3"^^  classes  and  5  a  side  in  the  1'^  class. 

A  typical  train  of  15  coaches  provides  accommodation  for  768  passengers  and 
weighs  empty  just  under  160  tons,  this  vvorking  out  to  an  average  of  4  cwt.  pcf 
passenger. 

The  dead  weight  is  minimised  so  as  to  facilitate  rapid  acceleration  of  speed. 

In  order  to  call  attention  to  the  importance  of  the  latter  question,  I  may  mention 
that  many  of  the  stops  are  only  two  or  three  minutes  apart. 

The  stoppages  at  stations  are  reduced  to  the  lowest  possible  limits  consistent  with 
the  safe  and  elleclual  working  of  traffic  and  average  only  twenty-eight  seconds. 

To  assist  in  bringing  about  this  result,  the  trains  are  made  up  in  certain  set 
forms,  so  that  passengers  accustomed  to  travel  may  lose  no  time  in  entering  their 
carriages. 

The  system  of  signalling  adopted  is  that  of  the  Sykes  electrical  lock  and  block  and 
as  it  is  already  familiar  to  you,  requires  no  description. 


Digitized  by 


Google 


—  1689  — 

So  far  as  the  track  accommodation  is  concerned,  it  consists  at  Liverpool  Street  of 
eighteen  platform-lines,  two  thirds  of  which  are  available  for  suburban  traffic.  Six 
lines,  that  is  three  up  and  three  down,  extend  from  Liverpool  Street  to  a  point  a 
little  over  a  mile  to  the  east,  where  they  divide  into  four  extending  3  miles  north 
and  another  four  reaching  to  12  miles  east;  otherwise  the  tracks  are  all  double,  with 
the  exception  of  one  short  unimportant  branch.  By  means  of  the  four  tracks  the 
fast  and  slow  traffic  are  separated,  trains  being  diverted  from  one  line  to  another 
according  to  requirements. 

Coming  to  the  question  of  the  busy  hours,  it  is  mentioned  in  the  report  that  the 
up-traffic  in  the  morning  is  divided  into  sections  according  to  the  fares  charged, 
lh(»  workmen's  2(/.  irains  arriving  up  to  7  o'clock,  the  3rf.  trains  to  7.30,  and  the 
half  fare  up  to  8  o'clock,  after  which  ordinary  fares  prevaiL 

The  greatest  congestion  occurs  just  before  8  o'clock,  when  from  one  place  alone 
and  within  nine  minutes,  4,200  passengers  arrive  in  five  trains.  When  it  is  remem- 
bered that,  concurrently  with  this,  other  trains  are  arriving  from  other  points,  the 
density  of  traffic  will  be  readily  appreciated. 

The  evening  traffic  is  more  evenly  distributed  and  is  spread  over  a  longer  period. 

I  may  mention  one  thing,  which  is  not  touched  upon  in  the  report,  and  that  is 
the  arrangement  for  discontinuing  certain  of  the  trains  in  foggy  weather. 

It  has  been  found  that  in  foggy  weather,  the  trains  become  overcrowded  owing  to 
delays,  and  that  the  punctual  working  of  the  traffic  is  rendered  almost  impossible 
owing  to  the  great  number  of  trains  on  the  road,  each  delaying  the  other. 

In  order  to  avoid  this  as  far  as  possible,  notices  are  exhibited  at  all  the  stations  to 
the  effect  that  certain  of  the  trains  are  liable  to  be  cancelled  in  foggy  weather;  conse- 
quently, the  passengers  are  aware  of  what  is  likely  to  occur  and  make  their  arran- 
gements ac(*.ordingly. 

Necessarily  some  overcrowding  takes  place,  but  that  is  preferable  to  overcrowding 
plus  delay. 

In  conclusion,  I  may  menlion  that  the  question  of  electrical  traction  for  suburban 
traffic  is  receiving  our  very  close  attention,  but  at  the  present  time  no  system  exists 
which  could  economically  be  substituted  for  steam  power. 

The  President.  —  This  is  a  question  that  becomes  to  all  of  us  more  and  more 
important  every  day.  It  is  not,  I  think,  a  question,  like  the  one  of  yesterday,  that 
is  likely  to  lead  to  controversy  as  to  various  systems  of  meeting  the  difficulties 
involved,  but  it  is  one  on  which  we  want  to  learn  all  that  has  been  done  to  meet 
the  difficulties  in  the  past,  and  to  get  fresh  means  toward  meeting  the  difficulties  of 
the  future.  This  matter  has  been  in  England  a  problem  for  forty  years,  and  is  an 
increasing  one  every  day.  On  the  continent  it  has  also  been  an  old  question, 
increasing  more  and  more  in  importance.  In  America,  where  the  centers  of  large 
population  have  not  been  so  numerous,  at  any  rate  till  lately,  it  is  a  question  that 
has  only  arisen  within  comparatively  modern  times,  but  it  is  a  question  upon 
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which  we  shall  all  try  to  pick  out  from  one  another's  experience  all  the  information 
that  may  lead  lo  lessening  the  trouble  which  this  suburban  traflic  brings. 

I  think  it  will  now  be  convenient  to  ask  Mr.  Sullivan  to  read  his  paper,  before  we 
have  any  discussion  upon  the  subject. 

Mr.  A.  W.  Sullivan,  reporter  for  America.  —  Mr.  President  and  gentlemen,  in 
explanation  of  the  form  of  this  report,  I  would. say  that  when  the  subject  was 
assigned  to  me  by  the  permanent  commission,  I  was  asked  to  confer  with  Mr.  Drury 
of  the  Great  Eastern  line  of  England,  reporter  for  the  other  countries,  and  so  arrange 
a  series  of  questions  to  be  asked  that  the  character  of  the  information  obtained  in 
America  would  fit  in  with  that  obtained  for  Europe,  so  that  when  the  statistics 
were  put  together  some  satisfactory  comparison  could  be  made.  As  a  result  of  that 
collaboration,  the  questions  that  were  sent  out  by  each  reporter  were  exactly  alike, 
and  the  work  of  compiling  the  report  has  been  largely  the  preparation  of  a  synopsis 
of  the  data  obtained  in  response  to  the  inquiries  that  were  made.  In  following 
out  that  form  of  investigation,  this  condition  has  arisen,  that  there  has  been 
accumulated  a  great  fund  of  information  as  to  practice  in  the  handling  of  suburban 
traffic  upon  different  railways  of  the  world,  and  that  information  will  doubtless  be 
of  use  to  any  student  of  the  subject  who  may  care  to  look  into  it;  but,  for  the  pur- 
poses of  this  discussion  it  is  hardly  necessary  to  go  into  that  portion  of  the  report 
which  is  of  a  statistical  character,  except  perhaps  to  refer  to  it  in  passing,  as  the 
authority  or  basis  of  the  information  for  the  conclusions  which  are  reached  at  the 
end  of  the  report. 

As  a  rule,  the  conditions  surrounding  suburban  traffic  are  very  much  alike  except 
that  in  many  places  we  find  in  this  country  a  reversal  of  the  conditions  that  I  am 
informed  obtain  abroad.  That  is,  that  the  working  population  in  most  places 
abroad,  live  on  the  outside  and  come  into  the  cities  to  work.  My  information  is 
that  that  is  the  practice  in  England;  whereas  in  America  —  and  I  refer  more  parti- 
cularly to  the  larger  cities  —  the  working  population  lives  within  the  cities  and 
goes  outw^ard  to  work.  As  a  result  of  these  conditions,  there  are  some  differences 
in  the  traffic  which  will  probably  be  found  in  the  fact  that  in  this  country  there  has 
been  little  or  no  demand  for  what  are  called  working-mens'  trains  which  are  found 
to  be  such  a  problem  in  England. 

Section  2  relates  to  "  tolls,  fares  and  tickets  ".  There  is  to  be  found  almost  every 
variety  of  method  and  idea  in  the  various  ways  in  which  those  arrangements  are 
made  upon  American  railways,  but  the  practice  is  universal  in  this  country,  so  far 
as  suburban  service  strictly  speaking  is  concerned,  to  make  the  collection  of  tickets 
or  fares  upon  the  trains  while  in  motion.  There  are  some  disadvantages  in  that, 
and  some  advantages.  It  is  a  necessary  condition  where  there  is  a  different  rate  of 
fare;  that  is,  where  a  distance  tariff  prevails.  The  system  of  collection  at  stations 
as  practised  upon  the  metropolitan  lines  can  only  be  carried  out  where  there  is  a 
uniform  rate  of  fare.     For  the  purpose  of  protecting  the  suburban  revenues  it  has 
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been  found  necessary  upon  most  railways  to  maintain  different  rates  of  fare  accord- 
ing to  distance,  which  renders  necessary  the  practice  of  making  the  collections  on 
the  trains  while  in  motion. 

1  may  say  that  generally  the  attitude  of  American  railways  is  unfriendly  to  sub- 
urban traffic.  A  few  railways  have  quite  a  dense  traffic,  and  upon  those  lines 
which  have  found  the  traffic  to  be  productive  of  satisfactory  revenue,  the  suburban 
train  service  has  been  separated  from  the  other  service,  and  in  the  case  of  the  Illinois 
Central  in  Chicago,  has  been  brought  to  a  state  of  development  that  it  is  not  only 
earning  its  due  proportion  of  the  revenues  of  the  line  but  is  being  operated  without 
any  interference  with  the  through  passenger  service  and  without  any  confusion,  or 
without  requiring  any  undue  attention  on  the  part  of  the  officials  of  the  road. 

The  3"*  section  of  my  report  gives  some  data  about  the  peculiarities  of  suburban 
lines  and  their  tracks. 

The  4'^  section  deals  with  signals,  but  I  did  not  dilate  upon  this  subject,  because 
the  signal  question  will  be  dealt  with  separately  in  another  report. 

As  regards  the  staff,  there  is  as  a  rule  no  specialisation;  the  officials  and  employees 
attending  to  the  suburban  traffic  fulfil,  at  the  same  time,  other  duties  appertaining 
to  the  general  passenger  traffic. 

No  American  railway  has  so  far  adopted  electric  traction  for  suburban  traffic; 
however,  the  New  York  Central  is  at  this  moment  making  arrangements  for  operat- 
ing its  trains  in  New  York  by  electricity. 

As  regards  rolling  stock,  1  believe  this  to  be  the  crucial  point.  What  is  of  spe- 
cial importance  is  the  type  of  cars  employed.  Full  information  on  this  subject  is 
given  in  my  report. 

The  8^  section  deals  with  the  running  of  the  trains,  the  speed,  etc. 

When  we  come  to  regularity  in  the  running  of  the  trains  and  their  keeping  to 
.schedule  time,  suburban  service  is  found  to  be  in  this  respect  quite  satisfactory. 
This  regularity  is  dependent  upon  the  following  : 

1**  Time-tables  judiciously  arranged;  2°  good  service  of  locomotives;  3*^  excellent 
organization,  /.  ^.,  not  only  must  employees  become  familiar  with  the  service  regul- 
ations but  also  sending  off  trains  and  shunting  must  be  carried  out  with  rapidity; 
4"*  strict  discipline;  o^  trains  must  leave  termini  punctually;  6*  stoppages  must  be 
reduced  and  the  getting  in  and  out  of  passengers  at  intermediate  stations  must  be 
accelerated*.  In  this  way,  expenditure  of  motor  power  requisite  to  makeup  time  is 
restricted  and  the  zeal  with  which  the  service  is  conducted  reacts  upon  passengers 
who  are  thus  soon  to  bestir  themselves  likewise;  7**  filling  empty  seats  while  the 
train  is  in  motion ;  S*'  prompt  and  efficient  methods  of  collecting  tickets  and  fares 
for  seats. 

Section  9  deals  with  special  measures  as  regards  workmen. 
In  the  United  States  and  in  Canada,  there  are  no  general  laws  requiring  the  run- 
ning of  special  trains  for  the  conveyance  of  workmen. 
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Finally,  the  last  part  of  my  report  gives,  statistical  data  and  details  about  the 
traffic,  the  number  of  passengers,  station,  shunting,  etc. 

As  regards  financial  returns,  /.  e.,  the  net  proceeds  from  traffic,  the  American 
companies  do  not  favour  suburban  traffic  which  they  regard  as  paying  badly. 
Still  some  companies  have  instituted  a  suburban  service  distinct  from  the  general 
service.  I  have  not  been  able  to  determine  the  cost  of  working  a  suburban  train 
exactly,  because  few  companies  keep  accounts  of  the  expenses  involved  in  sub- 
urban traffic.  The  expenditure  under  this  head  is  included  in  the  general  balance 
sheet. 

Nevertheless,  thirteen  companies  in  the  United  States  and  Canada  have  sent  in  an 
estimate  of  the  expenditure  due  to  suburban  service.  These  estimates  vary  from 
30  cents  per  train-mile,  to  1  dollar  per  train-mile  on  very  busy  lines;  the  average 
cost  for  all  the  railways  which  have  replied  to  this  question  being  61  cents  per  train- 
mile. 

As  to  whether  the  earnings  of  suburban  traffic  ought  to  prove  remunerative,  the 
general  opinion  is  that  the  service  of  suburban  trains  ought  to  be  regarded^^from 
the  standpoint  of  its  necessity  and  the  public  convenience,  rather  than  as  a  finan- 
cial affair. 

I  shall  now  read  the  conclusions  of  my  report.     They  are  as  follow  : 

1.  —  Suburban  passenger  traflSc  is  found  to  consist  in  the  safe  and  expeditious  movement  j>f 
large  numbers  of  passengers  for  short  distances  at  low  rates  of  fare. 

2.  —  To  be  in  the  highest  degree  remunerative,  the  traffic  must  be  handled  rapidly,  by  methods 
that  are  simple  and  inexpensive,  and  with  the  minimum  working  organization  necessary  for  the 
purpose. 

3.  —  To  obtain  these  results  : 

a)  The  station  accommodations  must  be  convenient  of  ample  capacity; 

b)  The  arrangements  for  passengers  to  go  to  and  from  the  trains  must  be  short  and  direct,  and 
the  station  platforms  level  with  the  floors  of  the  cars ; 

c)  Cars  must  be  of  large  capacity,  with  side-doors  to  give  the  greatest  freedom  of  movement 
for  entrance  and  exit ; 

d)  Provision  must  be  made  for  distribution  of  passengers  throughout  the  train  while  in 
motion  ; 

e)  Adequate  safeguards  must  be  provided  for  protection  against  personal  injury,  chiefly  for 
the  purpose  of  preventing  passengers  from  entering  or  leaving  the  cars  while  in  motion ; 

/*)  Trains  must  be  of  the  greatest  capacity  consistent  with  economical  movement. 

4.  —  The  car,  as  the  vehicle  of  transportation  and  the  primary  unit,  is  the  factor  to  which 
everything  else  must  conform. 

5.  —  In  the  case  of  new  lines  to  be  constructed,  the  type  of  car  should  first  be  determined  and 
the  railroad  then  designed  to  fit  the  caj:*. 

6.  —  In  the  case  of  old  lines,  to  develop  the  greatest  transportation  capacity,  the  car  should 
be  of  such  size  as  will  utilize  in  the  highest  degree  the  space  between  tracks  upon  tangents ;  the 
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curves  should  then  be  compensated  to  provide  the  same  clearances  as  upon  tangents,  in  order  to 
admit  of  the  use  of  a  car  of  the  maximum  size  upon  all  parts  of  the  line. 

7.  —  The  locomotive  should  be  proportioned  to  handle  trains  of  maximum  size  at  the  speed 
demanded  by  the  train  schedules. 

8.  —  The  track  and  bridges  should  have  stability  and  strength  requisite  to  safely  and  econo- 
mically carry  at  speed  the  locomotives  and  trains  required  for  maximum  traffic  movements. 

In  explanation  of  this  reference  to  tracks  and  bridges,  it  should  be  staled  that 
this  question  is  taken  in  its  broad  sense;  that  suburban  traffic  is  not  merely  the 
transportation  of  passengers  alone  and  by  itself,  for  it  involves  all  of  the  conditions 
requisite  to  that  end,  and  necessarily  commences  with  the  design  and  construction 
and  physical  character  of  the  roadbed  and  the  structures  for  carrying  it. 

9.  —  The  greatest  train  movement  and  the  highest  degree  of  safety  and  of  economy  in  oper- 
tion,  are  to  be  attained  by  schedules  which  provide  for  the  movement  of  trains  at  uniform  speed 
and  stopping  at  all  stations,  upon  the  same  tracks. 

I  might  say  in  reference  to  this  conclusion,  that  there  has  been  more  or  less 
discussion  as  to  the  advisability  of  operating  a  few  tracks  in  a  highly  complex- 
manner  by  a  signal  system  and  so  on,  as  against  building  more  tracks  and  operat- 
ing them  without  any  of  those  adjuncts.  Illustrative  of  the  simpler  method  the 
practice  of  the  Illinois  Central  may  be  mentioned,  when  running  into  Chiciigo;  they 
have  eight  main  tracks,  four  of  the  main  tracks  are  given  to  suburban  traffic,  two  of 
which  are  used  for  local  suburban  traffic,  where  the  trains  make  stops  at  all  of  the 
stations,  and  two  being  used  for  express  suburban  traffic  where  the  trains  are 
brought  into  town  at  a  speed  of  50  or  60  miles  an  hour.  The  operation  of  that 
service  for  upwards  of  twenty  years,  has  been  marvellously  successful  in  its  freedom 
from  casualties,  which  is  due  not  so  much  to  the  care  and  skill  of  the  operation 
as  to  the  simplification  of  the  methods,  thereby  reducing  the  hazard. 

10.  —  That  separate  tracks  should  be  provided  upon  lines  of  heavy  traffic  for  trains  which 
are  run  at' high  speed  and  do  not  stop  at  all  stations. 

11.  —  That  an  essential  requisite  of  economical  operation  is  to  consen'e  the  expenditure 
of  energy,  and  avoid  the  necessity  of  regaining  time  lost,  by  preventing  the  loss  of  time  at 
stations. 

The  explanation  of  that  conclusion  is  this,  that  it  is  far  better  to  do  the  station 
work  quickly  and  efficiently  and  then  move  the  trains  at  a  moderate  rate  of  speed, 
than  it  is  to  lose  time  at  the  stations  by  using  slow  methods  for  handling  the  pass- 
engers and  then  seek  to  regain  the  time  so  lost  by  the  greater  expenditure  of  energy, 
as  for  instance,  by  the  use  of  large  locomotives  worked  to  their  limit  of  capacity  in 
an  effort  to  make  up  the  time  that  has  been  wasted. 

It  is  thought  to  be  the  belter  policy  so  to  construct  the  cars  and  so  to  operate  the 
service,  that  the  movements  at  the  station  are  quick  and  short,  so  that  there  is  no 
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necessity  for  making  up  time  by  the  expenditure  of  a  great  amount  of  locomotive 
power  because  no  time  is  lost. 

12.  —  To  this  end  the  prompt  movement  of  passengers  should  be  provided  for,  and  no  loss  of 
time  should  occur  in  the  departure  of  trains  when  the  purpose  for  which  a  stop  is  made  at  a 
station  has  been  accomplished. 

The  reference  in  that  conclusion  is  to  this  thought.  Observation  as  to  the  general 
handling  of  trains  shows  that  trains  do  not  promptly  leave  the  station,  as  a  rule, 
when  their  work  is  finished;  that  unless  there  is  some  special  stimulus,  the  work  is 
done  very  leisurely  and  comfortably,  and  then  after  the  passengers  have  entered  or 
left  the  train,  there  is  always  a  perceptible  pause,  an  interval,  before  the  train 
actually  starts.  Now,  looking  at  the  question  in  a  purely  technical  way,  that  loss 
of  time  is  loss  of  revenue,  is  loss  of  cliiciency  to  the  service,  and  should  be  con- 
sidered a  defect.  One  reason  why  the  public  makes  no  effort  to  move  faster  when 
entering  or  leaving  the  trains  is  because  as  a  rule  the  methods  of  the  railways  them- 
selves have  not  been  of  a  character  to  stimulate  the  public  to  expedition.  It  is 
found  that  if  the  methods  of  operating  the  railway  are  prompt,  decisive,  effective, 
the  public  will  immediately  respond;  that  the  passengers  will  quicken  their  pace, 
particularly  so  when  they  find  that  as  quickly  as  the  work  is  done  the  train  instantly 
takes  its  departure. 

13.  —  That  the  frequency  of  train  movement  should  be  proportioned  to  the  volume  of  traffic, 
to  avoid  congestion  at  stations. 

14  —  The  system  which  combines  the  foregoing  requisites  in  the  highest  degree^,  may  bo 
deemt^d  the  most  perfect. 

The  President.  —  Gentlemen,  we  have  had  two  papers  of  the  highest  interest  read 
to  us  this  morning,  and  the  authors,  in  the  suggestions  of  the  one  paper,  and  in  the 
conclusions  of  the  other,  have  crystnllized  for  us  many  of  the  thoughts  that  no 
doubt  have  been  present  to  the  minds,  not  only  of  themselves,  but  of  all  who  have 
had  to  deal  with  suburban  traffic.  There  are  four  or  h\e  points  in  Mr.  Sullivan's 
paper  which  I  should  just  like  to  mention.  He  has  drawn  our  attention  to  a 
table  which  shows  the  weight,  the  length  and  the  breadth  of  car  accommodation 
requisite  for  each  passenger.  He  has  drawn  our  attention  to  the  necessity  for  every 
accommodation  for  getting  people  in  and  out  of  trains  and  letting  them  sort  them- 
selves when  they  get  in.  To  facilitate  that,  on  the  Illinois  Central,  which  was 
formerly  his  own  road,  they  have  introduced  sliding  side  doors.  Then  he  empha- 
sizes that  the  arrangements  should  be  as  simple  as  possible  for  prompt  and  effective 
movement,  and  thus  you  get  more  promptness  and  more  effectiveness  in  the  action 
and  movements  of  your  passengers.  Then,  one  thing  which  has  been  found  every- 
where, 1  think,  is  that  a  road  with  mixed  traffic  upon  it,  fast  and  slow,  is  very  diffi- 
cult to  use  up  to  the  full  amount  of  its  carrying  power. 

Now,  I  merely  mention  these  points,  not  as  one  who  has  to  deal  with  these 
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matters  in  detail,  but  as  one  who  with  some  length  of  railway  experience,  has  seen 
what  should  be  attended,  to,  and  I  wiil  now  ask  that  the  discussion  should  be  taken 
up  by  Mr.  Clear,  who  is  the  assistant  goods  manager  of  the  Great  Central  Railway  of 
England. 

Mr.  E.  A.  Clea-,  Great  Central  Railway,  (ireat  Britain.  —  Mr.  Chairman  and  gen- 
tlemen, I  was  connected  for  several  years  with  a  large  trunk  line  which  has  a  heavy 
suburban  traffic  in  London,  and  should  like  to  say  this  is  a  question  which  very 
considerably  aftects  the  London  companies.  All  of  us,  1  suppose,  look  to  our 
friends  the  Great  Eastern  Company  as  being  almost  perfect  in  the  manipulation  of 
their  large  suburban  traffic.  I  should  like  to  ask  the  London  gentlemen  present  to 
give  an  expression  of  opinion  as  to  whether  a  type  of  vehicle  could  be  adopted  similar 
to  the  Illinois  Central  style  of  carriage  —  with  side-opening  doors,  and  central 
seats.  I  suggest  it  should  be  a  smaller  size,  after  the  pattern  of  the  London  "  tube  " 
carriage,  which  is  of  lighter  construction  and  could  be  more  easily  hauled.  Passen- 
gers could  obtain  entrance  and  exit  from  a  vehicle  of  this  kind  very  quickly.  As  we 
have  arrived  at  the  period  when  we  have  to  consider  seconds,  everything  which 
conserves  time  is  a  matter  of  importance  to  railway  companies  concerned  in  the 
prompt  despatch  of  traffic. 

Mr.  Alexander  Wilson,  North  Eastern  Railway,  Great  Britain.  —  The  Chairman 
was  good  enough  to  say  in  his  opening  that  he  would  like  to  have  the  experience  as 
far  as  possible  of  all  the  persons  here  with  regard  to  this  very  important  subject. 
In  listening  to  Mr.  Sullivan's  very  able  address,  I  was  much  struck  by  the  fact  he 
stated,  that  there  was  no  company  in  America  which  operated  suburban  traffic  by 
electricity,  and  for  this  reason  the  experience  of  the  North  Eastern  may  be  of 
interest.  Well  the  North  Eastern  Company  about  twelve  months  ago  started,  in 
fact  they  were  the  first  company  in  England  to  commence  to  work  a  surface  electric 
railway.  There  were  two  reasons  for  it  which  led  them  to  decide  to  do  this.  The 
first  was  that  they  were  losing  their  suburban  traffi'c  owing  to  the  competition  of  the 
tramways.  The  second  reason  was  that  they  desired  to  develop  to  a  greater  extent 
than  they  had  been  able  to  do  by  steam  traction,  their  suburban  traffic.  I  ought 
perhaps  to  say  that  the  district  where  our  suburban  trains  are  operated  is  the  New- 
castle district,  where  there  is  a  very  dense  population,  and  that  the  accommodation  at 
our  terminal  station  at  Newcastle  is  very  limited  in  extent.  Well,  the  result  of  our 
operations  for  the  past  year  have  been  most  satisfactory.  We  have  been  able  to 
increase  the  traffic  over  the  lines.  We  have  not  yet  been  able  to  get  back  all  the 
traffic  which  the  tramways  have  taken  from  us,  but  we  have  been  able  to  make  satis- 
factory increases  in  our  traffic;  and  not  only  that,  but  we  have  been  able  to  reduce 
the  working  expenses  of  the  lines  and  to  get  such  additional  revenue  from  the  traffic 
as  will  enable  us  to  pay  a  satisfactory  interest  on  the  increased  capital  expendituie 
which  we  had  to  lay  out  in  adapting  the  railway  for  electric  traction.  I  thought  it 
would  interest  the  members  present  to  know  these  facts;  and  if  any  one  desires  to 
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have  further  informalion  as  to  the  details,  I  shall  be  very  glad  to  furnish  them. 

The  next  point  I  should  like  to  draw  attention  to  in  connection  with  our  electri- 
fication, is  the  fact  that  we  do  not  make  our  own  power.  We  buy  our  power  from  a 
supply  company,  so  that  we  have  been  saved  the  necessity  of  embarking  upon  a  very 
large  expenditure  in  providing  large  power  houses  and  all  the  necessary  plants. 
We  find  that  that  has  worked  very  satisfactorily  indeed.  We  get  all  the  power  we 
need  at  a  very  low  rate,  and  I  think  I  may  safely  say  that  our  operations  have  been 
quite  successful. 

I  was  very  much  struck  by  what  Mr.  Sullivan  said  in  regard  to  the  importance  and 
desirability  of  passengers  obtaining  quick  ingress  and  egress  from  trains  at  the 
railway  stations.  This  is  a  very  important  feature.  We  are  trying  to  arrange  a  stop 
of  thirty  seconds,  but  this  is  not  always  possible,  owing  to  the  fact  that  the  people 
cannot  get  into  and  out  of  the  coaches  quickly  enough.  When  one  comes  to  look 
at  the  Illinois  Central  stock,  one  can  see  that  there  might  be  a  great  deal  in  the  fact 
of  their  having  side  doors  which  will  enable  all  the  people  to  get  out  and  into  the 
coaches  more  rapidly  than  they  can  by  getting  out  and  in  at  one  door,  as  is  our 
practice.     I  hope  that  we  may  have  some  further  discussion  upon  that  point. 

Then,  as  regards  his  observation  that  the  car  as  a  vehicle  of  transportation  and 
the  primary  unit,  is  the  factor  to  which  everything  else  must  conform,  —  it  must  be 
remembered  that  England  is  an  old  country,  that  the  railway  works  there  were  not 
designed  for  the  passage  of  vehicles  such  as  we  see  here  in  America,  and  that  this 
makes  it  exceedingly  difficult  for  us  to  increase  the  size  of  our  existing  stock.  It 
would  mean  an  enormous  capital  expenditure  to  adapt  our  railways  and  our  gauges 
to  take  in  a  vehicle  of  the  size  which  we  would  like  to  carry  over  the  railways.  Of 
course  it  might  be  desirable  in  some  instances,  where  the  capital  expenditure  would 
not  be  great,  but  in  our  case  in  the  Newcastle  district  it  would  mean  a  very  large 
expenditure,  which  I  scarcely  think  would  be  warranted  by  the  circumstances. 
(Applause,) 

Mr.  Mange,  Orleans  Railway,  France.  (In  French.)  —  I  rise  to  speak  for  the  same 
reason  that  induced  Mr.  Wilson  to  intervene. 

Since  the  1*'  of  July  last  year,  we  have  instituted  electric  traction  on  a  portion  of 
the  Orleans  railway,  on  the  line  between  Paris  and  Juvisy.  This  installation  was 
carried  out  after  completely  transforming  this  suburban  line  which  is  20  kilometres 
(12-4  miles)  long.  Four  tracks  were  laid  down,  two  for  express  trains  and  two  for 
the  ordinary  trains,  mainly  suburban  ones,  which  are  run  by  electrical  power.  The 
electric  trains  are  either  ordinary  trains  in  which  the  steam  engine  is  replaced  by  an 
electric  motor  or  are  reversible  auti>motor  trains  with  a  motor  car  in  front  and 
behind;  as  regards  loading,  there  are  two  types  :  heavy  trains,  weighing  250  tons> 
with  seating  accommodation  for  1,000  passengers  and  light  trains,  weighing 
175  tons,  with  seats  for  ooO  passengers. 

One  point  that  has  apparently  struck  Messrs.  Wilson  and  Sullivan  especially,  is  the 
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need  to  provide  every  possible  convenience  for  passengers  to  get  in  and  out  of  the 
cars.  We  use  rolling  stock  with  side  doors  which  facilitates  entry  and  exit; 
moreover,  each  train  always  comprises  the  same  number  of  cars,  situated  in  the  same 
order  and  arranged  so  as  to  stop  at  the  same  point  on  the  platform,  so  that  the  public 
know  beforehand  where  they  will  find  the  first,  second  and  third  class  carriages. 
Passengers  can  therefore  get  in  quickly  without  needing  to  run  along  the  train. 

Moreover,  the  rapidity  of  the  service  is  facilitated  by  using  automatic  catches 
which  render  it  possible  to  open  and  close  the  inside  doors  of  the  cars  by  simply 
pushing  them.  By  these  arrangements,  we  have  succeeded  in  limiting  the  stops  in 
most  cases  to  thirty  seconds. 

1  have  no  intention  of  demanding  your  attention  for  long.  I  should  however  like 
to  point  out  to  you  another  interesting  point  regarding  the  economy  of  working 
expenses,  arising  from  the  installation  of  electric  traction.  We  have  been  enabled 
to  reduce  our  train  stafl^  by  one  individual ;  the  motorman  alone  fulfils  the  functions 
entrusted,  with  steam  traction,  to  the  stoker  and  the  driver.  Of  the  two  other  train 
attendants,  who  are  conductors,  one  sits  on  the  locomotive  beside  the  motorman  or 
in  a  compartment  communicating  with  the  motorman's  platform  ready  to  take  his 
place  in  case  of  accident. 

The  number  of  suburban  trains  per  diem  has  been  raised  from  75  to  100  since  the 
line  has  been  electrified  between  Paris  and  Juvisy.  The  length  of  the  line  between 
the  Paris  Austerlitz  station  and  Juvisy  is  about  20  kilometres  (12-4  miles)  in  length, 
and  this  distance  is  covered  in  seventeen  minutes  by  the  expresses  and  in  twenty- 
three  minutes  by  the  ordinary  trains  which  stop  at  six  intermediate  places. 

In  the  mornings  and  evenings,  there  are  workmen's  trains  at  very  low  fares;  the 
single  journey  costs  about  10  centimes  (1  d.).  [Applaitse.) 

The  President.  —  I  should  just  like  to  allude  to  one  point  that  the  speaker 
mentioned.  I  think  it  should  be  understood  that  in  England  at  the  present  time, 
and  for  more  than  a  year  past,  there  has  been  one  large  system  of  electrical  suburban 
railway  working,  and  that  is  what  Mr.  Alexander  Wilson  described  to  us  just  now. 

Mr.  W.  H.  Hyde.  —  There  is  also  the  Lancashire  &  Yorkshire,  Mr.  President. 

The  President.  —  I  was  only  thinking  whether  that  was  strictly  suburban. 

Mr.  J  E.  Charnley,  Lancashire  &  Yorkshire  Railway,  Groat  Britain.  —  It  is  purely 
suburban  traffic  between  Liverpool  and  Southport. 

The  President.  —  This  gentleman  has  pointed  out  that  there  is  another  installation 
of  very  considerable  size  between  Liverpool  and  Southport.  We  do  not  wish  it  to  be 
understood  that  there  is  no  electrical  work  carried  on  successfully  with  suburban 
traffic  in  England. 

Mr    Brisse,  French  Eastern  Railway.  (In  French.)  —   (  have  no  intention  of 
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occupying  much  of  your  time.  I  should  however  like  to  give  you  in  a  few  words 
the  reasons  why  most  of  the  French  companies,  most  by  concerned  in  suburban 
traffic,  and  especially  the  Eastern  Railway,  are  maintaining  an  expectant  attitude 
towards  equipping  their  lines  electrically. 

So  far  these  companies  have  not  come  across  any  valid  reason  for  altering  their 
method  of  traction  and  for  adopting  electricity ;  the  only  thing  that  would  encourage 
them  to  do  so  is  economy. 

But  if  we  take  a  piece  of  line  exclusively  devoted  to  a  suburban  service,  we  soon 
find  that  its  tratHc  is  one  that  has  congested  and  very  congested  periods.  It  soon 
appears  even  that  as  this  traffic  grows,  these  congested  periods  increase  proportion- 
ately more  than  the  growth  of  the  average  traffic. 

On  the  other  hand,  the  economical  working  of  an  electrical  power  station 
depends  upon  its  loading  coefficient.  If  then  we  are  to  set  an  electrical  installation 
apart  exclusively  for  a  suburban  line,  we  should  be  induced  to  institute  a  source  of 
power  with  a  very  low  loading  coefficient  and  badly  utilized  at  first  The  difference 
between  this  coefficient  and  what  corresponds  to  the  maximum  output  of  this  source 
of  power  is  too  great,  and  its  first  cost  too  high,  to  make  us  think  that  such  a  trans- 
formation can  appear  to  be  indicated  for  the  exclusive  use  of  a  suburban  line. 

There  is  another  stronger  reason  why  some  companies  hesitate  to  introduce 
electric  traction.  On  several  lines,  entering  the  heart  of  Paris  or  serving  its  imme- 
diate neighbourhood,  it  would  mean  expending  large  sums  if  the  institution  of 
electric  traction  meant  a  fairly  marked  increase  in  the  number  of  trains  run  over 
these  lines.  Now,  so  far,  we  have  not  thought  that  the  advanUiges  arising  from 
electric  traction,  from  the  standpoint  of  increase  in  the  total  capacity  of  each  train 
run,  have  yet  shown  themselves  great  enough  to  represent  a  better  utilization  of  the 
instrument,  i.  e.,  an  immediate  and  real  increase  in  the  capacity  of  the  line  itself. 
We  find  ourselves  with  a  maximum  traffic  concentrated  into  a  very  brief  period  of 
the  day  and  the  line  has  not  only  to  cope  with  this  traffic  but  to  carry  twice  as 
much. 

I  take  by  way  of  example,  our  little  Bastille  railway,  which  is  a  simple  line  with 
two  tracks.  During  the  hours  of  maximum  traffic,  i.  e.,  towards  evening,  we  carrj' 
with  steam  traction  over  this  line  an  average  of  5,000  passengers  per  hour,  in  eight 
trains  with  a  seating  capacity  varying  from  i  ,200  to  l,iOO. 

Now  the  highest  figures  with  which  I  am  acquainted  for  a  train  hauled  by  electri- 
city, are  those  just  quoted  by  Mr.  Mange.  According  to  him,  the  capacity  of  an 
electric  train  on  the  line  between  Paris  and  Juvisy  is  1,000  seats.  This  is  still  not 
high  enough  to  lead  us  to  expect  that  electric  traction  would  mean  better  utilisation 
of  our  line. 

On  the  contrary,  giving  up  our  present  method  of  traction  for  electric  traction 
would  bring  us  much  nearer  to  the  time  which  will  show  the  necessity  to  which  we 
shall  doubtless  come  within  a  more  or  less  distant  future,  of  doubling  our  Bastille 
line. 
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If  I  have  rightly  understood  the  reports  of  Messrs.  Drury  and  Sullivan,  there  are 
reasons  of  the  same  kind  which  have  decided  the  English  and  American  companies, 
directly  concerned  in  suburban  traffic,  not  to  consider  for  the  present  the  advisa- 
bility of  electrifying  their  lines. 

From  this  standpoint,  I  should  like  further  to  ask  Mr.  Wilson  the  following 
queries  :  Before  the  electrification  of  the  line  in  the  Newcastle  district,  what  was  the 
maximum  capacity  of  the  suburban  trains  on  that  line,  and  what  is  their  capacity 
now? 

My  attention  has  also  been  caught  by  the  recommendation  appearing  in 
Mr.  Drury*8  report  regarding  the  arrangement  of  terminal  stations.  We  all  know 
the  importance  of  the  terminal  station  arrangements  from  the  standpoint  of  organ- 
ising suburban  traffic. 

Air.  Drury  advises  the  construction  of  a  loop  or  circle  at  main  terminal  stations. 

I  should  very  much  like  to  hear  whether  any  arrangements  of  this  kind  have 
already  been  effected  or  projected  on  very  busy  lines,  either  in  England  or  in 
America. 

I  have,  in  conclusion,  one  more  observation  to  offer.  Messrs.  Drury  and  Sullivan 
have  advised  trains  being  run  in  parallel  which  involves  necessarily  laying  down 
four  tracks  if  it  is  intended  to  run  trains  of  various  speeds.  I  may  remark  that 
when  a  service  is  arranged  on  a  single  line  with  two  tracks,  the  mingling  of  through 
and  stopping  trains  does  not  always  imply  that  this  line  will  be  less  well  utilized;  in 
other  words,  this  admixture  does  not  necessarily  reduce  the  capacity  of  the  line  as 
compared  with  when  only  stopping  and  parallel  trains  are  run  upon  it. 

In  this  latter  case,  I  believe  that  in  case  of  parallelism,  the  average  utilization  per 
kilometre  or  mile  of  a  train  starting  full  from  a  terminus  is  only  SO  per  cent  of  its 
capacity.  On  the  other  hand,  if  the  service  is  worked  with  stopping  and  through 
trains,  we  get  with  a  through  train,  doing  a  good  part  of  the  journey  without  slop- 
ping, and  starting  from  a  terminus  full,  a  much  higher  kilometric  utilization  and  a 
better  ernployment  of  the  capacity  of  the  sum  total  of  the  trains  run.  (Afyplaiise.) 

The  President.  —  Will  Mr.  Wilson  kindly  reply  to  that  question,  about  the  maxi- 
mum nuimber  carried  per  train,  before  electrification,  and  since? 

Mr.  AlexaacUr  Wilson  —  Of  course,  we  have  now  a  more  frequent  service  than 
before,  and  consequently  the  maximum  number  carried  in  a  particular  train  is  lesi«, 
than  it  hitherto  has  been.  Hitherto  we  had  perhaps  an  hourly  service  or  a  half 
hourly  service.    Now  the  trains  run  oftener. 

Mr.  Brisse.  —  I  thank  you. 

The  President.  —  In  inaugurating  this  new  electric  service  of  yours,  Mr.  Wilson, 
was  il  not  to  compete  with  the  tramway,  and  therefore  you  get  a  great  many  more 
trains  than  you  had  before,  and  the  travel  is  divided  between  them. 
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Mr.  Alexander  Wilson.  —  The  answer  to  that  is  in  the  affirmative,  but  as  I  have 
said  we  are  regaining  from  the  tramways  a  portion  of  the  traffic  which  we  lost  to 
then  under  steam  working  conditions. 

The  President.  —  The  other  question  is,  whether  the  loop  spoken  of,  to, be  esta- 
blished at  the  termini,  to  facilitate  the  rapid  working  of  trains  in  and  out,  where 
there  is  an  increased  number  of  trains  to  be  dealt  with,  —  whether  such  a  system 
has  been  applied  and  worked  in  England  or  in  America. 

Mr.  W.  H.  Hyde.  —  Mr.  Chairman,  I  am  looking  forward  to  a  visit  to  Boston  for 
the  purpose  of  seeing  the  example  of  that  loop  at  the  Boston  terminal,  which, 
I  understand,  is  provided  with  a  subway  line  running  around  a  loop.  We  had,  in 
Liverpool  Street,  calculated  to  build  such  a  loop,  but  it  has  not  come  yet.  All  our 
lines  run  into  that  terminus,  engines  come  to  the  other  end,  and  the  train  departs. 
We  have  about  four  minutes  stop.  That  is  very  short,  but  we  want  to  do  better. 
We  want  to  be  continuous. 

Mr.  Brisse.  (in  French.)  —  Mr.  President,  I  should  like  to  know  how  many  minutes 
trains  stop  at  the  Great  Eastern  terminal  station  in  London  at  the  rush  hour  of  the 
evening  before  they  are  filled. 

Mr.  W.  H.  Hyde.  —  We  could  load  it  in  a  minute,  so  far  as  the  actual  loading  is 
concerned,  but  we  have  to  get  a  train  in  and  out,  and  provide  for  an  engine  coming 
in,  and  the  clearance  of  other  lines. 

We  can  work  a  train  out  of  Liverpool  Street,  and  another  train  crossing  in  three 
minutes.  We  tried  two  minute  service,  but  we  found  it  was  not  quite  possible. 
We  could  load  the  train  in  a  minute,  but  the  longest  time  is  consumed  with  the  train 
getting  in  and  out;  that  would  occupy  say  three  minutes  out  of  four.  Our  average 
stop  is  only  twenty-eight  seconds  at  stations  other  than  termini. 

The  President.  —  Perhaps  some  gentleman  can  tell  us  if  that  loop  at  Boston  of 
which  we  have  heard  so  much,  and  of  which  we  have  seen  plans,  has  been  in 
process  of  construction,  or  is  working  to  day. 

Mr.  A.  W.  Sullivan,  rqiorter.  —  Mr.  Chairman,  I  have  not  been  to  Boston  lately, 
but  my  understanding  is  that  the  loop  referred  to  was  built  underneath  the  main 
ttoor  of  the  train  shed  for  future  use.  it  has  not  been  used.  It  is  not  intended  to 
be  used  until  the  upper  floor  has  reached  its  capacity.  Then  trains  operated  by 
electricity,  suburban  trains  chiefly,  will  pass  through  the  loop  underneath  the  main 
ttoor,  and  steam  trains  will  occupy  the  upper  level. 

Mr.  Mange  (In  French.)  —  Allow  me  to  point  out  to  you  an  advantage  of  electric 
traction.  On  the  Paris  and  Juvlsy  line,  most  of  the  trains  are  made  up  with  motors 
at  each  end.  Consequently,  a  train  reaching  a  terminal  station  can  start  out  again 
almost  immediately.     The  stop  only  takes  up  so  much  time  as  is  requisite  for 
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passengers  to  alight  and  get  in  and  for  the  motormen  to  pass  from  one  end  of  the 
train  to  the  other. 

Mr.  Brisse  (In  French.)  —  It  is  noteworthy  that  if  electric  traction  possesses  the 
advantage  pointed  out  by  Mr.  Mange,  loop  or  circular  lines  at  stations  would  also 
offer  with  electric  traction,  a  considerable  advantage  when  the  number  of  tracks 
meeting  at  a  terminal  station  is  great.  For  then  the  inconveniences  inherent  in 
outgoing  trains  crossing  over  a  station  to  a  track  different  from  that  by  which  they 
came  in,  get  more  noticeable  and  these  would  obviously  disappear  to  a  great  extent, 
if  the  tracks  were  laid  in  a  circle. 

Obviously,  it  is  possible  to  avoid  some  of  the  inconveniences  and  to  cut  down  stops 
at  terminal  stations  by  putting  a  motor  at  the  head  and  tail  of  the  train.  But  this 
measure  does  not  entirely  abolish  the  inconvenience  resulting  from  the  fact  that  a 
train,  arriving  by  a  group  of  lines  situated  on  one  side  of  the  station,  must  leave  it 
by  another  group  situated  on  another  side. 

Mr.  W.  W.  Hoy,  Central  South  Africa  Government  Railways.  —  Mr.  Chairman 
and  gentlemen,  1  should  first  like  to  express  a  sense  of  gratification  for  the  complete 
and  interesting  papers  which  have  been  presented.  In  listening  to  the  discussion  it 
seems  to  me,  that  in  dealing  with  suburban  traffic,  the  problem  presents  itself  as  to 
whether  that  traffic  can  be  moved  more  economically  by  the  means  of  steam  loco- 
motion or  electricity.  We  have  two  problems  in  South  Africa  :  one  in  its  nature 
similar  to  the  suburban  traffic  which  is  dealt  with  in  London,  where  there  is  an 
enormous  pressure  of  traffic  in  the  morning,  at  lunch  time,  and  in  the  evening. 
The  problem  that  confronts  me  is  slightly  different  to  this  extent :  that  there  is  a 
suburban  line,  of  sixty  miles,  and  in  addition  to  developing  suburban  traffic,  which 
we  are  exerting  all  our  forces  to  cultivate,  we  have,  at  the  same  time  to  maintain  a 
regular  traffic  from  early  morning  until  late  at  night.  Over  a  portion  of  the  same 
suburban  line,  a  very  large  volume,  in  fact  the  whole  of  the  heavy  goods  traffic,  has 
to  pass.  1  have  therefore  considered,  and  the  administration  has  faced  the  position 
in  this  way  :  that  our  policy  is  likely  to  be  the  attitude  of  getting  out  of  a  double  line 
the  utmost  we  can,  before  we  think  either  of  increasing  the  number  of  lines  or 
providing  four  lines.  The  reason  why  we  defer  building  additional  lines  is  the  hope 
of  development  in  side  tracks  and  by  that  means  we  shall  still  have  our  existing 
double  line,  and  provide  for  the  development  which  we  look  forward  to.  Therefore 
we  have,  to  meet  the  present  difficulty,  reduce  the  load  of  our  heavy  goods  trains  in 
the  direction  of  Johannesburg.  Our  passenger  load  is  five  vehicles,  capable  of 
accommodating  in  1'^  class  64  passengers,  in  S""**  class  84  passengers  and  in  3*^  class 
about  100  passengers.  Figures  have  been  worked  out,  and  the  administration  is 
practically  sure  to  electrify  sixty  miles  of  its  lines,  that  is,  practically  thirty  miles 
of  its  lines,  that  is,  practically  thirty  miles  on  each  side  of  Johannesburg,  and 
thereby  we  shall  provide  for  the  expanding  traffic  which  is  induced  in  the  mining 
areas.    The  Great  Eastern  problem,  as  it  presents  itself  to  me,  seems  to  have  been 
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to  get  the  passengers  into  a  longer  train,  maintaining  expedition  by  providing 
heavier  locomotives.  I  have  not  completely  studied  that  phase  of  the  question, 
but  I  have  very  carefully  studied  our  position,  and  I  think  that  the  decision  at  which 
we  have  arrived,  to  reduce  the  trains,  maintaining  under  the  electric  system  our 
present  load  of  five  vehicles,  with  the  possibility  of  increasing  it  to  seven,  will  enable 
us  to  maintain  a  cheaper,  more  economical  service,  and  at  the  same  time,  we  shall 
be  able  to  develop  our  traffic. 

We  have  undertaken  the  development  of  short  distance  traffic  through  the  aid  of 
steam  motor  cars  somewhat  similar  to  the  motor  cars  noticed  in  England  and 
elsewhere.  At  a  later  date,  we  shall  then  face  the  position  as  to  whether,  when  the 
traffic  grows,  it  will  be  cheaper  to  adopt  steam  or  electricity. 

The  other  point  1  would  like  to  refer  to  is  the  use  of  side  door  stock,  versus  the 
utility  of  corridor  stock  for  suburban  passenger  traffic.  Partly  from  the  experience 
of  others,  and  partly  from  local  conditions,  we  resolved  that  our  interests  lay  in 
adopting  the  corridor  stock,  and  therefore  all  our  suburban  stock  has  a  small 
corridor  running  from  one  end  of  the  train  to  the  other.  It  occurred  to  us  that  time 
is  the  greatest  and  most  important  factor,  because  we  must  reduce  the  service,  to  be 
sucessful,  to  the  shortest  limit,  otherwise  the  policy  of  getting  the  utmost  out  of  the 
line  will  be  defeated.  It  that  connection,  I  am  glad  to  find  that  the  ticket  system  is 
practically  the  same  throughout  our  lines  as  adopted  on  the  American  lines,  namely, 
to  collect  and  check  all  tickets  upon  the  trains  while  in  motion.  I  have  had  some 
experience  in  dealing  with  the  collection  of  tickets  on  the  suburban  line  at 
Capetown,  which  has  certainly  not  an  insignificant  traffic,  and  that  experience 
convinced  me  that  the  government  lost  every  month  and  every  year  not  a  consider- 
able but  an  enormous  revenue,  by  checking  the  tickets,  or  collecting  them  as  the 
passengers  left  the  station.  Since  our  system  has  been  introduced  of  collecting 
them  on  the  trains,  I  think  the  substantial  sum  of  something  like  £36,000  per  annum 
is  paid  into  the  railway  revenue,  which  includes  a  small  fee  collected  from  passen- 
gers who  board  the  trains  without  being  in  the  possession  of  tickets.  I  think  I  can 
say  that  the  general  opinion  of  our  people  is  that  the  system  is  wholly  satisfactory. 
All  the  opinion  1  have  been  able  to  ascertain,  —  and  I  have  been  anxious  to  collect 
it  from  all  sources  in  our  service,  —  has  been  in  favor  of  the  present  system,  and 
the  recent  managers  who  have  joined  our  service  from  England  have  joined  in  that 
expression  of  opinion.  I  am  very  glad  to  hear  from  Mr.  Wilson  and  from  other 
gentlemen,  that  the  electric  system  is  a  success  and  has  provided  for  their  require- 
ments, because  the  programme  in  contemplation  may  be  a  little  ambitious,  but  the 
discussion  helps  to  assure  one  that  when  you  reduce  the  consideration  of  the  whole 
problem  to  figures,  we  shall  succeed  in  being  able  to  determine  whether  the  principle 
shall  succeed  or  fail. 

For  the  information  of  the  gentlemen  here,  I  would  state  that  our  trains  arriving 
in  the  morning,  accommodate  from  420  to  4S0  passengers. 

One  note  sounded  by  Mr.  Sullivan,  of  looking  to  the  curves  in  providing  for  a 
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longer  vehicle,  has  very  much  encouraged  me,  because  our  longest  vehicle  has  been 
determined  at  70  feet.  Now  1  held  the  opinion  previously,  and  1  am  verj'  glad  to 
have  it  confirmed,  that  with  the  smoothing  out  of  that  curve  we  shall  be  able  to 
increase  the  capacity  of  our  carriages  to  accomodate  100  passengers.  1  urged  that 
phase  of  the  question,  but  for  various  reasons  it  was  not  successful,  and  I  think 
Mr.  Sullivan  has  placed  me  in  the  position  of  returning  to  the  recommendation. 

Mr.  Brisse.  (In  French.)  —  Allow  me  to  ask  whether  power  required  for  the  lines 
round  Johannesburg  is  supplied  by  a  power  house  specially  constructed  for  the 
railway,  or  whether  is  it  bought  from  an  electrical  company  of  which  there  are  some 
for  working  the  gold  mines  in  that  district. 

Mr.  W.  W.  Hoy.  —  We  consume  a  very  large  volume  of  electricity  at  the  present 
time,  supplied  from  two  sources.  We  propose  that  the  generating  station  shall  be 
in  a  central  position,  convenient  for  the  generation  of  electricity,  and  we  propose  to 
do  the  work  ourselves,  and  our  figures  prove  that  we  can  do  it  much  more  cheaply 
than  it  can  be  supplied  to  us  for  the  railroad  and  the  lighting  of  the  principal 
stations. 

Mr.  Jenny,  Austrian  Southern  Railways.  (In  English  and  French.)  —  In  the 
Austrian  Southern  Railways'  suburban  service,  we  used  to  have  carriages  with  side 
doors,  similar  to  what  are  used  in  England,  but  experience  has  proved  that  the 
American  method,  i.  e.,  cars  with  platforms  and  two  end  doors,  is  to  be  preferred 
for  our  business. 

•  As  I  have  said,  the  traffic  on  the  Southern  Railway  is  heavy,  because*it  connects 
Vienna  and  Baden,  Voslau  and  the  Semmering.  We  have  built  some  four-wheeled 
cars  with  platforms  and  doors  at  both  ends,  cars  practically  similar  to  the  American 
ones  on  the  New  York  Elevated  Railroad. 

We  prefer  this  style  of  car  to  the  carriages  with  side  doors.  It  saves  our  having 
high  platforms  above  rail  level  at  our  stations.  Passengers  have  to  climb  up  to  get 
on  a  level  with  the  floors  of  the  cars. 

Considering  all  these  points,  I  should  like  to  ask  delegates  who  have  had  much 
experience,  why  they  prefer  carriages  with  side  doors  to  carriages  with  platforms 
provided  with  doors  at  each  end. 

Mr.  A.  W.  Sullivan,  reporter.  —  Mr.  President,  that  question  goes  to  the  root  of 
the  experience  of  the  Illinois  Central  management  in  the  handling  of  a  traffic  which 
has  grown  steadily  throughout  thirty  years,  and  which,  during  the  World's  Fair  held 
in  Chicago  in  1893,  forced  a  development  to  meet  the  conditions  obtaining  there, 
that  has  brought  the  service  to  its  present  state  of  perfection,  and  put  it  considerably 
ahead  of  the  other  railroads  in  the  country  in  the  handling  of  a  dense  passenger 
traffic.  The  circumstances  of  that  season  of  1893  were  these  :  the  location  of  the 
site  of  the  World's  Fair  with  reference  to  the  city  made  the  Illinois  Central  the  main 
avenue  of  steam  railway  transportation  to  and  from  the  Fair  grounds.    It  was 
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foreseen  that  the  traffic  would  be  very  heavy,  and  it  so  proved  to  be,  the  railroad 
having  handled  during  the  short  period  of  the  Fair,  upwards  of  19  million  of  pass- 
engers. The  requirements  for  handling  a  traffic  of  such  density  made  the  type  of 
car  one  of  vital  importance.  The  question  was  very  carefully  considered  with  the 
result  that  the  sliding  side  door  car  was  adopted  as  the  best  form  of  car  construc- 
tion for  the  purpose.  The  use  of  this  type  of  car  made  it  possible  for  trains,  each 
carrying  one  thousand  passengers,  to  be  either  loaded  or  unloaded  in  ten  seconds; 
the  movement  of  the  trains  at  the  maximum  of  traffic  being  as  frequent  as  five  trains 
dispatched  from  one  platform  in  four  minutes,  each  train  carrying  one  thousand 
passengers.  To  handle  one  thousand  passengers,  in  ten  seconds,  either  in  loading 
or  unloading,  is  getting  down  to  a  very  satisfactory  basis  of  service.  Subsequently 
to  the  exposition  of  1893,  the  company  decided  that  in  building  new  cars  it  would 
adopt  the  sliding  side  door  principle,  but  it  required  care  in  construction  to  meet 
the  requirements  of  the  climate  which,  in  winter  time,  is  exceedingly  severe.  The 
problem  necessitated  a  study  of  the  whole  question,  with  the  view  of  making  pos- 
sible a  winter  car  that  could  be  operated  with  facility,  and  kept  warm  at  the  same 
time,  in  severe  stormy  weather.  Careful  study  of  that  problem  led  to  the  conclu- 
sion that  it  was  not  possible  of  accomplishment  with  the  wooden  forms  of  construc- 
tion, but  that  the  results  desired  to  be  obtained  could  only  be  obtained  through 
a  metal  construction,  and  when  the  problem  was  approached  in  that  direction  it 
rapidly  took  a  definite  shape,  and  has  resulted  in  the  design  of  a  car  that  performs 
the  service  in  a  very  satisfactory  way. 

There  are  one  or  two  points  of  detail  that  I  will  allude  to  in  this  connection. 
What  is  the  reason  the  side  door  car  works  more  satisfactorily  upon  the  Illinois  Cen- 
tral than  it  has  done  upon  other  roads  where  side  doors  are  in  use,  may  be  explained 
primarily  by  the  fact  that  the  sliding  side  door,  when  properly  designed,  is  very 
much  more  effective  than  the  swinging  door,  and  can  be  more  safely  used.  The 
sliding  side  doors  of  the  Illinois  Central  cars  are  entirely  under  the  control  of  the 
train  guards  and  are  worked  by  hand  or  by  air,  easily  and  with  great  smoothness. 
The  locking  mechanism  can  be  operated  only  by  the  guards.  The  doors  are  not, 
however,  opened  simultaneously.  They  are  unlocked,  and  the  passengers  are  left 
to  open  them  as  they  choose,  from  either  the  inside  or  the  outside  of  the  car.  The 
reason  for  that  arrangement  is  this  :  if  there  is  only  one  passenger  to  get  out  at  a 
station,  it  would  be  manifestly  an  absurd  arrangement  to  open  twelve  doors  to  let 
out  one  passenger.  Therefore  it  is  arranged  to  have  the  doors  released,  so  that 
they  may  be  opened  as  they  are  needed  to  be  used.  The  working  out  of  that  arran- 
gement has  been  very  satisfactory.  The  passengers  have  rapidly  comprehended  the 
situation,  and  have  lent  themselves  to  it  quite  readily.  The  main  difference  between 
the  European  car  and  the  Illinois  Central  side  door  car  is  this  :  that  in  the  Euro- 
pean car  with  the  swinging  side  door,  there  is  no  connection  between  the  doors, 
and  there  can  be  no  concert  of  movement,  which  is  quite  essential.  Besides,  a 
passenger  ordinarily  will  not  enter  a  compartment  unless  he  can  see  therein  a 
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vacant  seat.  The  consequence  is  that  the  trains  with  that  style  of  car  have  to  stand 
at  the  platfonn  a  sufficient  length  of  time  for  the  passengers  to  find  seats  by  going 
from  one  compartment  to  another,  when  the  trains  are  partly  filled,  and  that  con- 
sumes a  great  deal  of  time.  Upon  the  Illinois  Central  cars,  as  shown  in  my  report, 
immediately  within  the  doors  of  either  side  of  the  car  is  an  aisle  running  through- 
out the  length  of  the  car,  and  connected  at  the  ends  with  the  other  cars  of  the  train, 
so  that  a  passenger  can  enter  at  any  one  of  the  twelve  doors  and  afterwards,  after 
the  train  has  resumed  motion,  can  find  a  seat  if  there  are  any  vacant  in  that  car  or 
the  other  cars  of  the  train.  There  is  just  one  more  point  relating  to  the  expedition 
of  the  train  movement  and  that  is  this  :  that  under  the  Illinois  Central  system,  the 
doors  are  all  closed  by  the  guard  :  by  an  easy  movement  of  a  hand  lever  or  wheel, 
every  door  that  is  open  is  closed  and  locked,  and  the  instant  that  is  accomplished 
an  electric  circuit  is  completed  by  means  of  which  the  signal  to  start  is  autom- 
atically given  to  the  engineer,  and  the  train  can  with  safety  be  started  immediately. 
In  this  operation  it  is  a  matter  of  indifference  whether  there  are  two  or  twenty  cars 
in  a  train ;  the  transmission  of  the  starting  signal  to  the  engineer  can  thus  be  given 
only  when  every  door  in  the  train  is  closed  and  locked,  and  that  is  done  without 
reference  to  the  sequence  of  the  use  of  the  cars.  For  instance,  the  customary  way 
of  starting  a  train  is  by  giving  the  signal  by  bell  from  the  rear  and  passing  it  from 
car  to  car  until  it  reaches  the  engineman  in  front,  a  method  productive  of  much 
loss  of  time.  By  this  side  door  system,  every  guard  works  independently  of  the 
others,  and  closes  the  doors  of  his  car  promptly  when  the  passengers  are  unloaded 
or  loaded ;  the  moment  the  signal  is  given  to  the  engineman  by  the  closing  of  the 
last  door,  that  same  instant  the  train  may  depart  with  the  absolute  knowledge  that 
no  one  can  either  get  on  or  off  after  the  train  has  resumed  its  motion.  Therefore 
the  element  of  personal  hazard  is  greatly  reduced. 

The  President.  —  I  think  we  have  had  a  very  full  discussion  on  this  question  of 
suburban  traffic  this  morning,  and  I  would  put  before  you  here  briefly  a  suggested 
resolution  for  your  approval.  I  do  not  want  to  take  a  vote  upon  it  this  morning, 
but  if  no  one  raises  an  objection  I  would  present  it  to  the  General  Secretary  which  it 
is  my  duty  to  do,  and  then  get  it  formally  passed  by  the  meeting  at  our  next  session  : 

**  The  Congress  approves  the  conclusions  of  the  reporters  as  regards  the  wor-ting 
of  suburban  traffic.  It  has  listened  with  interest  to  the  descriptions  given  of  the  use 
of  electric  traction  in  England  and  in  France,  but  is  not  prepared  to  recommend 
this  system.  " 

Mr.  Mange.  (In  French.)  —  The  Congress  would  appear  to  be  condemning  electric 
traction  if  we  said  that  "  it  is  not  prepared  to  recommend  it  ".  It  would  be  better 
to  say  that  the  Congress  is  not  in  a  position,  at  present,  to  choose  between  electricity 
and  steam  as  tractive  power.  We  should  thus  leave  every  management  free  to 
resort  to  whichever  system  suited  it  best. 
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Mr.  Felix  Sartiaiix,  secretary.  (In  French.)  —  In  the  ultimate  wording  of  the  con- 
clusions, Mr.  Mange's  remark  shall  not  be  forgotten. 

The  President.  —  In  connection  with  what  has  been  said,  I  have  altered  it  to 
read  :  "  The  Congress  is  not  prepared  to  express  its  preference  for  electrical  or  steam 
power. " 

Mr.  Brisse.  (In  French.)  —  Do  the  trains  carrying  the  suburban  traflSc  on  the 
Illinois  Central  convey  luggage? 

Mr.  A.  W.  Sullivan.  —  No. 

—  The  meeting  adjourned  at  12.30. 


Meeting  lield  on  May  8,  1905  (morning). 

The  President.  —  On  Saturday  the  members  of  the  3"*  section  were  discussing  the 
question  of  suburban  traflSc.  I  have  here  a  resolution  which  was  provisionally 
placed  before  them,  and  I  bring  it  up  for  their  approval  this  morning,  according  to 
the  special  arrangement  which  was  made  : 

*^  The  Congress  approves  the  conclusions  of  the  reporters  as  regards  the  working 
of  suburban  traffic.  It  has  listened  with  interest  to  the  descriptions  given  of  the  use 
of  electric  traction  in  England  and  France,  but  it  is  not  in  a  position  to  express  its 
preference  for  one  or  the  other  method  of  traction,  steam  or  electricity." 

—  These  conclusions  were  adopted. 
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DISCUSSION  AT  THE  GENERAL  MEETING 


Meeting  held  on  May  11,  1905  (afternoon). 

Mr.  Stuyvbsant  FISH,  president,  in  the  chair. 

General  secretary  :  Mr.  L.  WEISSENBRUCH. 

Associate  general  secretary  :  Mr.  W.  F.  ALLEN. 

Mr.  H.  Tylston  Hodgson,  prmdent  of  the  3^  section^  read  the 

Report  of  the  3"*  section. 

(See  the  Daily  Journal  of  the  session,  No.  4,  p.  68,  and  No.  5,  p.  87.) 

"  Mr.  W.  H.  Hyde  (Great  Eastern  Railway,  England)  presented  an  abstract  of 
Mr.  H.  G.  Drury's  report. 

'^  The  characteristic  feature  of  this  service  is  the  necessity  of  handling  a  very 
heavy  traffic  and  making  the  necessary  arrangements  during  a  very  short  period  of 
time  every  morning  and  evening. 

"  The  main  points  to  be  considered  are  : 

"  !•>  The  number  of  passengers  to  be  carried.  —  At  the  Liverpool  Street  terminus, 
the  maximum  round  number  of  passengers  arriving  on  an  ordinary  weekday  is 
about  86,000. 

"  2*  Motive  power.  —  On  the  Great  Eastern,  single  expansion  engines  with  4,  6 
and  10  coupled  wheels. 

"  3<»  Train  running,  speed.  —  On  the  Great  Eastern,  average  speed  for  local  trains, 
19  ^/s  miles  per  hour.    Twenty-eight  seconds  stop  at  stations. 

*  4*  Signals.  —  The  block  system  is  generally  employed  on  the  Great  Eastern. 

"  5*  Station  management.  —  In  order  to  distribute  passengers  as  much  as  possible 
over  a  longer  space  of  time,  the  Great  Eastern  has  divided  the  first  morning  hours 
in  the  working  class  districts  into  ^  time  zones,  "  the  fares  varying  according  to  the 
hour  at  which  passengers  take  the  train.  Special  measures  have  been  provided  by 
the  Great  Eastern  to  avoid  congestion  in  the  case  of  fog. 

**  Mr.  A.  W.  Sullivan  read  an  abstract  from  his  report  which  was  drawn  up  on 
the  same  plan  as  Mr.  H.  G.  Drury's  in  order  to  facilitate  comparison  between  the 
American  system  and  that  of  other  countries. 
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"  Mr.  Alex.  Wilson  (North  Eastern  Railway,  England)  stated  that  his  company 
has  been  operating  for  the  past  year  a  suburban  service  in  the  Newcastle  district 
with  electric  power,  with  the  object  of  regaining  the  traflSc  from  the  competing 
tramways  and  to  increase  its  amount.  Not  all  the  traffic  has  been  regained  from 
the  tramways,  but  the  amount  handled  has  been  considerably  increased.  The 
reduction  in  expenses  has  resulted  in  a  net  revenue  which  more  than  covers  the 
interest  on  the  extra  cost  of  installation  necessitated  by  the  introduction  of  the 
electric  power.  The  current  is  furnished  at  a  reasonable  price  by  power  stations 
which  do  not  belong  to  the  railroad. 

"  Mr.  A.  Mange  (Orleans  Railway)  stated  that  his  company  operates  electrically 
12'4  miles  (20  kilometres)  on  the  Paris-Juvisy  line,  100  trains  daily  instead  of  75 
as  before  the  use  of  electric  power.  Four  tracks  are  used,  two  for  express  tracks 
and  two  for  locals.  Trains  are  operated  with  reversible  motors  in  front  and  behind. 
There  are  two  types  of  trains  :  heavy  trains,  250  metric  tons  (246  English  tons)  and 
1,000  seats;  light  trains,  175  metric  tons  (172  English  tons)  and  550  seats.  The 
labor  of  one  man  was  saved;  the  motorman  alone  fulfilling  the  duties  of  the  fire- 
man and  driver  employed  on  the  steam  road. 

"  Mr.  Brisse  {French  Eastern  Railway)  explained  why  the  majority  of  the  French 
railroad  companies  still  adopt  a  waiting  attitude  as  to  the  electrification  of  their 
lines.  He  showed  how  the  mixture  of  express  and  local  trains  on  the  same  line 
does  not  necessarily  reduce  the  capacity  of  this  line,  compared  with  lines  where 
local  trains  only  are  operated. 

*  Mr.  A.  W.  Sullivan  stated  that  installations  have  been  made  at  the  terminal 
station  at  Boston,  underground,  for  a  continuous  circular  service.  Reversible 
motor  trains  like  those  of  the  Paris-Orleans  road  reduce  considerably  the  time 
required  at  the  terminal  between  the  arrival  and  the  departure  of  the  trains,  but 
the  arrangement  of  the  tracks  in  loops  insures  a  still  more  complete  continuity, 
and  avoids  the  inconveniences  due  to  switching  from  one  track  to  another. 

"  The  discussion  finally  turned  to  the  various  types  of  cars  best  suited  to  a  rapid 
service.  Mr.  Jenny  [Austrian  Southeim  Railways)  has  experimented  in  the  suburbs  of 
Vienna,  and  has  observed  that  cars  provided  with  doors  at  both  ends  for  the  incoming 
and  outgoing  passengers  give  better  results  (the  cars  were  emptied  and  filled  in 
thirty  to  forty  seconds).  Mr.  A.  W.  Sullivan,  on  the  contrary,  prefers  side 
doors.  The  latter  system  has  enabled  the  Illinois  Central  to  accomplish  the  same 
operation  in  ten  seconds,  with  a  train  carrying  1,000  passengers,  and  to  send  out 
on  the  same  track  five  such  trains  in  four  minutes.  The  cars  of  the  Illinois  Central, 
in  summer,  are  completely  open  and  accessible  to  the  public  at  all  points  at  once. 
In  the  winter,  a  mechanical  arrangement  has  been  adopted  enabling  the  conductor 
to  open  by  one  movement  twelve  doors,  or  a  fraction  thereof.  In  addition,  the 
closing  motion  sets  up  an  electric  current  which  notifies  the  motorman  at  the  head 
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of  the  train  and  permits  the  immediate  starting  of  the  train,  with  the  assurance  that 
all  passengers  are  safely  on  board.  These  cars  have  vestibules  connecting  the  whole 
train,  and  thus  many  passengers  select  their  seats  after  entering  the  train. 

"  The  section  adopted  the  following  conclusions  to  submit  to  the  general 
meeting.  " 

The  President.  —  The  following  are  the 

CONCLUSIONS. 

"  To  be  in  the  highest  degree  remunerative,  the  traffic  must  be  handled  rapidly, 
*^  by  simple  and  inexpensive  methods,  and  with  the  minimum  working  organization 
"  necessary  for  the  purpose;  the  type  of  car  is  the  essential  factor;  new  lines  to  be 
^  constructed  should  be  adapted  to  the  best  types  of  cars;  on  old  lines,  the  cars 
"^  should  be  of  such  size  as  will  utilize  in  the  highest  degree  the  space  between 
"  tracks;  [[the  curves  should  then  be  compensated  to  provide  the  same  clearances 
**  as  upon  tangents]]  (*)  the  locomotives  should  be  sufficiently  powerful  to  haul 
*"  trains  of  maximum  size  at  the  speeds  required ;  the  train  schedules  should  provide 
'^  for  the  movement  of  all  trains  at  a  uniform  speed  and  stopping  at  all  stations 
^  upon  the  same  tracks;  separate  tracks  should  be  provided  upon  lines  of  heavy 
"  traffic  for  trains  which  are  run  at  high  speed  and  do  not  stop  at  all  stations;  all 
**  necessary  measures  should  be  taken  to  accelerate  the  movement  of  passengers  and 
^  start  the  trains  promptly.  In  this  way,  the  expenditure  of  energy  required  \) 
"  regain  time  lost  is  conserved,  and  the  promptness  with  which  the  service  is 
"  conducted,  communicates  itself  to  the  passengers,  who  quickly  learn  to  move  more 
"  rapidly;  the  frequency  of  train  movements  should  be  proportioned  to  the  volume 
"^  of  traffic,  to  avoid  prolonged  waiting  of  passengers  and  congestion  at  stations. 

"  The  Congress  has  listened  with  interest  to  the  descriptions  given  of  the  use  of 
""  electric  traction  in  England  and  France,  but  it  is  not  in  a  position  to  express  its 
"  preference  for  one  or  the  other  method  of  traction,  steam  or  electricity. " 

Mr.  H.  Tylston  Hodgson,  president  of  the  3"^  section.  —  The  conclusions  printed  in 
the  daily  journal  differ  slightly  from  those  that  have  been  read. 

The  section  approved  the  conclusions  of  the  reporters  with  regard  to  the  working 
of  suburban  traffic.  The  reporters'  conclusions  have  simply  been  taken  and  repro- 
duced at  full  length .    That  is  the  only  difference. 

Mr.  Cartaolt,  Paris-Lyons-Mediterranean  Railways.  (In  French.)  —  The  words  **  the 
curves  should  be  compensated  "  would  seem  to  imply  that  it  was  advisable  to  carry 
out  alterations  in  the  profile;  but  such  alterations  would  be  difficult  and  expensive. 


(*)  The  words  enclosed  in  double  brackets  were  omitted  in  the  final  draft  (vide  the  discussion  below). 
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because  suburban  lines  run  through  residential  quarters,  built  in  places  where  land 
is  of  great  value.  And  there  is  no  doubt,  moreover,  that  as  a  rule  the  existing  routes 
meet  the  necessities  of  the  service. 

I  question  whether  it  is  not  advisable  to  strike  out  the  words  ^  the  curves  should 
be  compensated  "  ? 

Mr.  von  Leber,  Austrian  Imperial  &  Royal  Ministry  of  Railways.(In  French.)  —  The 
English  is  still  less  clear. 

It  is  difficult  to  understand  what  is  meant  by  :  ''compensating  the  curves'*. 
Do  you  want  to  alter  the  route  of  the  railway? 

Mr.  L.  Weissenbrnob,  general  secretary.  (In  French.)  —  I  suggest  that  we  strike 
out : 

"  The  curves  should  then  be  compensated  to  provide  the  same  clearances  as  upon 
tangents.  " 

Mr.  Mange,  Orleans  Railway,  France.  (In  French.)  —  I  was  present  at  the  debate 
and  I  thought  I  understood  that  the  section  noted  in  a  general  way  the  reporters* 
conclusions,  but  that  the  only  resolutions  passed  by  the  section  were  those  that 
concluded  the  summary  just  read  by  our  President. 

Mr.  L.  Weissenbraob.  (In  French.)  —  That  is  not  quite  the  case.  It  is  stated  ^  the 
Congress  approves  the  conclusions  of  the  reporters  ".  If  that  stood  in  the  conclu- 
sions to  be  passed  by  the  general  meeting,  one  would  have  to  refer  to  the  reporters* 
conclusions.  The  president  of  the  section  has  just  explained  that  he  thought  it 
preferable  to  pick  out  the  conclusions  approved  and  to  insert  them  in  full. 

Mr.  Mange.  (In  French.)  —  I  thought  all  we  did  was  to  approve  a  principle,  but 
that  the  section  did  not  take  over  the  reporters*  conclusions  individually. 

Mr.  L.  Weissenbraob,  general  secretary.  (In  French.)  —  There  is  only  one  objection 
to  the  proposed  text  and  that  applies  to  the  words  ^  the  curves  should  then  be  com- 
pensated, etc.  "  and  all  we  need  do  is  to  strike  out  that  sentence. 

Mr.  Cartanlt.  (In  French.)  —  I  should  like  to  point  out  that  the  clearance's  play 
depend  upon  the  length  of  the  vehicles  and  how  they  are  constructed. 

If  you  work  a  suburban  line  with  cars  7  or  8  metres  (23  feet  or  26  ft.  3  in.)  long. 
The  play  will  be  different  if  you  use  a  bogie  carriage.  So  then  you  would  have  to 
alter  the  plan  of  the  line  every  time  you  changed  the  pattern  of  car,  and  that  is 
impossible, 

Mr.  L.  Weissenbraob.  (In  French.)  —  Everybody  agrees  to  strike  out  these  words. 
So  the  conclusions  are  adopted  with  the  omission  of  these  words. 
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[686.235]  QUESTION    XIII. 


SLOXA/    FREIGHT    RATES 


General  principles  and  description  of  the  different  systems  of  rating  slow 

freight  goods. 


Reporters  : 

America.  —  Mr.^M.  C.  Markham,  assistant  traffic  manager,  Illinois  Central  Railroad. 

England.  —  Mr.  Harry  Smart,  secretary  Railway  Clearing  House. 

Italy y  Spain,  Portugal^  France  and  Belgium.  —  Mr.  A.  Mange,  ing^nieur,  chef  adjoint 
de  Teiploitation  de  la  Compagnie  du  cbemin  dc  fer  de  Paris  a  Orleans. 

Other  Countries.  —  Mr.  W.  J.  Van  Oyerbeee  de  Meyer,  chef  de  la  division  des  tarifs  a  la 
Compagnie  pour  I'exploitation  des  chemins  de  fer  de  r£tat  neerlandais. 
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SECTIONAL    DISCUSSION 


Meeting  held  on  May  5,  1905  (morning). 


Mr.  Emile  HEUKTEAU,  president,  in  the  chair. 

The  President.  (In  French.)  —  We  shall  now  take  up  the  first  question  on  our 
agenda  paper  concerning  *'  the  rating  of  slow  freight  goods  ". 

Four  reporters  were  appointed  :  Messrs.  Harry  Smart,  Mange,  W.  J.  Van  Overbeek 
de  Meyer  and  M.  C.  Markham. 

Mr.  Markham  has  not  sent  in  any  report.  But  we  have  received  reports  from 
Messrs.  Harry  Smart,  Mange  and  W.  J.  Van  Overbeek  de  Meyer. 

I  beg  you  to  notice  that  the  subject  falls  into  two  headings  :  the  general  prin- 
ciples of  rating  and  the  description  of  the  different  systems  of  rating  slow  freight 
goods,  i  think  you  will  agree  with  me  as  to  the  unadvisability  of  entering  upon  a 
discussion  on  the  different  systems  of  rating  which  have  been  described  and  dis- 
cussed in  a  most  alluring  and  thorough  manner  by  the  reporters.  We  will  limit 
our  debate  to  the  general  principles,  ignoring  the  details  which  have  been  very  fully 
expounded  in  the  reports  to  which  we  can  all  refer. 

Mr.  Lewis  Wood  will  now  give  us  a  summary  of  Mr.  Smart's  paper. 

Mr.  Lewis  Wood,  Railway  Clearing  House,  Great  Britain.  —  I  must  apologize  for 
Mr.  Smart's  absence,  but  unfortunately  he  is  unable  to  be  here,  much  to  his  own 
disappointment  as  he  had  made  all  preparations  to  come.  I  therefore  lay  on  the 
table  for  him  the  report  which  he  has  carefully  prepared  and  which  has  been  sub- 
mitted to,  and  approved  by,  the  various  companies  who  are  parties  to  the  Clearing 
House. 

It  must  be  borne  in  mind,  Mr.  President,  that  the  Clearing  House  exists  primarily, 
for  the  purpose  of  dividing  the  receipts  from  the  traffic  carried  by  and  exchanged 
between  the  various  railway  companies,  and  that  the  question  now  before  us  is,  so 
far  as  the  Clearing  House  is  concerned,  a  secondary  one;  consequently,  Mr.  Smart, 
U)  be  certain  of  his  ground,  has  had  recourse  to  the  railway  companies  for  confirm- 
ation of  some  of  the  various  points.  The  information  given  in  the  report  may 
therefore  be  taken  as  absolutely  reliable. 

V.  XI  120 
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All  the  railroad  companies  of  the  United  Kiogdom  of  Great  Britain  and  Ireland 
were  created  by  Act  of  Parliament  which  fixed  the  maximum  freight  charges  which 
the  companies  might  make  for  transportation.  The  tariffs  which  companies  were 
previously  authorized  to  establish,  were  not  uniform  because  of  the  different  acts 
under  which  they  were  organized.  As  classifications  of  merchandise  were  relatively 
few  in  number,  many  incongruities  resulted.  In  4881,  the  House  of  Commons 
appointed  a  special  commission  to  make  an  investigation  regarding  the  traffic  of 
railroads  and  canals.  This  inquiry  resulted  at  first  in  the  Railway  and  Canal  Traffic 
Act  of  4888,  and  then  as  a  result  of  new  petitions  and  suggestions  from  the  com- 
panies, in  the  Laws  of  the  Railway  (Rates  and  Charges)  Order,  Confirmation  Acts 
of  1894  and  4892.  These  acts  established,  firstly,  a  general  classification  of  the 
various  classes  of  freight;  secondly,  the  maximum  limit  of  supplementary  charges; 
thirdly,  the  maximum  rate  of  transportation  per  ton-mile  for  each  class. 

In  addition  to  the  official  classification,  the  companies  have  deemed  it  useful  to 
publish  a  working  classification  corresponding  to  the  charges  actually  made. 
Also  with  a  view  of  encouraging  the  development  of  business,  the  companies  have 
made  special  rates  lower  than  the  regular  tariff,  based  on  the  earnings  per  car-mile 
and  terminal  expenses. 

In  some  cases,  tariffs  have  been  especially  reduced  for  large  movements  of  freight 
between  given  points  during  a  certain  period. 

In  making  any  special  rates,  the  companies  are  not  permitted  to  discriminate 
between  shippers.  No  distinction  is  made  in  the  tariffs  as  regards  the  time  within 
which  the  goods  are  to  be  delivered,  but  for  many  articles,  lower  rates  are  made 
for  special  conditions  which  relieve  the  operating  companies  from  responsibility  as 
to  losses,  damages,  mis-delivery,  delay  or  detention,  except  in  the  case  of  wilful 
misconduct  on  the  part  of  the  railroad  companies'  employees. 

Any  tariff  objected  to  can  be  submitted  to  the  Board  of  Trade  who  are  empowered 
0  endeavour  to  bring  about  by  conciliation  a  settlement  of  the  dispute,  and  failing 
his  may  give  the  objector  a  certificate  authorising  him  to  bring  the  matter  before 
the  Railway  Commissioners  who  can  decide  the  case. 

The  Board  of  Trade  has  no  power  itself  to  fix  or  to  modify  tariffs. 

The  President.  (In  French.)  —  We  learn  from  Mr.  Smart's  report  that  the  rates  in 
England  are  fixed  by  the  operating  companies,  but  with  right  of  appeal  to  the  rail- 
way commissioners  if  a  dispute  arise. 

Now  we  come  to  the  second  report  by  Mr.  Van  Overbeek  de  Meyer.  Has  anyone 
been  authorized  to  represent  him?  If  no  one  is  taking  his  place,  I  shall  ask 
Mr.  Mange  to  be  good  enough  to  give  us  a  summary  of  Mr.  Van  Overbeek  de  Meyer's 
report,  which  we  have  all  read  with  great  interest,  along  with  that  of  his  own 
report. 

Mr.  Mange,  reporter  for  Italy,  Spain,  Portugal,  France  and  Belgium,  (In  French.) 
—  Mr.  Van  Overbeek  de  Meyer's  report  deals  with  all  countries  except  the  United 
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States,  England,  Italy,  Spain,  Portugal,  France  and  Belgium;  it  therefore  covers  an 
immense  number  of  railway  sj'stems.  It  is  extremely  interesting,  but  also  very 
voluminous.  I  can  therefore  give  you  only  a  very  short  and  very  imperfect  sum- 
mary of  it. 

In  the  first  portion  of  his  report,  Mr.  Van  Overbeek  de  Meyer  considers  the  rating 
of  each  country  individually.  There  are  in  this  first  portion  some  exceedingly 
interesting  points  about  the  general  principles  upon  which  rating  is  based. 

Mr.  Van  Overbeek  de  Meyer  has  not,  however,  limited  himself  to  dealing  with  the 
rating  in  countries  belonging  to  the  Congress;  he  has,  quite  rightly,  indicated  the 
principles  of  the  German  rating  and  one  of  the  features  of  his  report  is  the  very 
interesting  data  about  the  basis  on  which  this  rating  is  based. 

Mr.  Van  (h^erbeek  de  Meyer  shows  that  in  so  far  as  the  German  rating  is  based  on 
the  value  of  the  goods,  it  does  not  take  into  consideration  only  their  market  price, 
but  also  the  requirements  of  the  various  industries,  according  to  their  position  at 
the  time,  the  amount  of  protection  they  need,  etc. 

Besides  the  normal  tariffs  of  the  German  railways,  there  are  special  tariffs  suited 
to  needs  of  various  kinds,  as  for  instance  the  tariffs  instituted  to  meet  the  competi- 
tion to  which  the  railways  are  subjected,  to  assist  certain  national  industries,  to 
encourage  the  export  and  import  of  certain  products. 

The  principles  upon  which  the  rates  are  based  in  Austria  are  very  similar  to  those 
applying  to  Germany.  Goods  are  rated  according  to  their  actual  value,  but  the 
weight  and  bulk  are  also  taken  into  consideration.  It  may  be  said  that  the  system 
takes  into  consideration  also  the  economic  requirements,  the  financial  position  of 
the  railways,  and  the  systems  of  rating  adopted  by  adjoining  countries. 

In  Hungary  the  principles  are  much  the  same.  In  applying  them,  there  exists  the 
peculiarity  that  the  charges  are  not  set  out  in  scales  based  on  kilometric  distances; 
thoy  are  fixed  by  zones  of  10  kilometres  (6*2  miles),  and  the  charges  instituted  for 
the  average  distance  of  each  zone  apply  for  the  whole  of  this  zone. 

Mr.  Van  Overbeek  de  Meyer  thus  passes  in  review  the  various  tariffs  in  the  States 
with  which  his  report  deals.  In  order  not  to  weary  you  by  going  on  too  long, 
1  think  it  better  to  draw  your  attention  at  once  to  the  main  conclusions  of  his  report. 

In  the  countries  with  which  Mr.  Van  Overbeek  de  Meyer  is  concerned,  we  find  as 
the  fundamental  basis  of  rating,  what  he  calls  the  mixed  system,  based  on  the  one 
hand,  upon  the  value,  and  on  the  other,  upon  the  weight  and  bulk  of  the  goods.  In 
this  mixed  system,  it  is  always  the  value  which  is  the  predominating  factor,  especially 
the  actual  value  at  the  arrival  point,  influenced  by  water  competition  or  by  commer- 
cial considerations.  The  effect  of  the  tonnage  makes  itself  felt  in  the  difference  of 
rate  which  there  is  between  broken  loads,  on  the  one  hand,  and  truck  loads  on  the 
other. 

The  number  of  classes  of  goods  used  as  a  basis  in  applying  rates  for  conveyance 
varies  in  each  country.  There  are  usually  a  certain  number  of  classes  for  broken 
Joads,  be  it  one,  two  or  three,  and  a  certain  number  of  classes  for  truck  loads;  6  in 


Digitized  by 


Google 


—  1716  — 

Germany,  6  in  Austria-Hungary,  3  in  Bulgaria,  Holland  and  Denmark,  5  in  Switzer- 
land, 9  in  Sweden,  H  in  Norway,  13  in  Russia  which  possesses  the  greatest  number. 

Austro-Hungary  is  the  only  country  that  makes  the  rate  for  truck  loads  vary 
according  to  how  the  goods  are  packed.  Goods  packed  in  a  way  other  than  that 
specified  in  the  tariff  are  charged  the  rate  one  class  higher  than  their  natural  class. 

The  kind  of  rolling  stock  used  plays  an  important  part  everywhere  in  that  for 
many  goods  the  class  of  rolling  stock  employed  affects  the  charge  for  carriage. 
From  this  standpoint  we  may  distinguish  between  two  classes  of  goods  :  those 
naturally  conveyed  in  closed  wagons  or  in  trucks  sheeted  by  tlie  railways,  and  those 
naturally  carried  in  open  trucks. 

In  the  first  category  are  usually  placed  small  goods ;  in  the  second  category,  goods 
of  little  value,  crude  materials,  etc.  For  these  latter  goods,  consignors  can  demand 
covered  or  sheeted  wagons,  but  if  this  is  done  the  rates  of  the  corresponding  class 
are  raised,  the  amount  varying  according  to  the  system  concerned. 

Mr.  Van  Overbeek  de  Meyer  goes  on  to  say  that  as  regards  the  relations  between 
the  railway  managements  and  the  Governments,  it  may  be  admitted  that  the  different 
normal  tariffs  considered  in  his  paper  have  a  legal  character,  in  so  much  as  they  are 
issued  by  the  Government  itself  or  confirmed  by  it.  In  some  instances,  however,  a 
few  exceptional  tariffs  are  not  submitted  for  governmental  approval. 

Mr.  Van  Overbeek  de  Meyer  next  considers  exceptional  tariffs  which  comprise 
rates  lower  than  the  normal  tariffs. 

He  distinguishes  between  two  main  groups  of  exceptional  tariffs  :  those  which  are 
of  general  application  and  those  which  only  apply  to  certain  relations  or  to  the 
transport  of  certain  goods.  The  reasons  for  making  these  exceptional  tariffs  are 
many,  and  they  vary  according  to  the  requirements  of  the  traffic,and  the  economic  or 
geographical  situation  of  the  railway  lines. 

We  may  instance  more  especially  special  export  and  import  tariffs,  transit  tariffs, 
tariffs  for  the  development  of  national  industry  and  commerce,  tariffs  to  favour 
certain  needs  of  a  general  character,  to  meet  the  competition  of  waterways  or  of 
other  home  or  foreign  railways. 

In  looking  at  the  principles  upon  which  they  were  established,  special  tariffs  in 
general,  and  even  those  of  a  country  taken  individually,  vary  considerably  in  their 
bases.  Sometimes  tariffs  arise  by  simple  declassifications,  others  grant  reductions 
of  so  much  per  cent  on  the  usual  rates.  Others  again  give  simply  fixed  rates  adjusted 
according  to  competitive  tariffs. 

In  concluding,  Mr.  Van  Overbeek  de  Meyer  asks  himself  whether  it  would  be 
possible  to  arrive  at  a  method  of  uniform  rating,  at  least  of  making  the  general 
principles  uniform.  He  is  at  first  disposed  to  answer  this  question  in  the  atfirma- 
tive  when  he  considers  only  the  general  principles,  but  he  subsequently  observes 
that  it  is  not  so  much  a  question  of  principles  in  general  as  of  the  way  in  which 
they  are  applied  in  the  different  countries.  This  way  of  applying  them  varies  so 
much  that  it  seems  impossible  to  arrive  at  a  uniform  system. 
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The  greatest  difference  lies  in  the  various  classifications  and  in  the  unit  rales. 
These  classifications  and  rates  are  so  much  affected  by  the  national  and  local  requi- 
rements, by  the  demands  of  industry  and  commerce,  by  the  geographical  situation 
and  by  the  competition,  depending  on  them,  that  it  may  be  asserted  that  every 
country  has  the  tariffs  specially  suited  to  it.  Consequently,  no  railway  can  give  up 
its  existing  system  without  very  seriously  affecting  the  national  interests  and  without 
failing  to  fulfil  the  great  functions  it  carries  out  in  modern  economy,  functions 
which  have  the  double  object  of  developing,  on  the  one  hand,  national  production 
in  all  its  forms,  while  at  the  same  time  extending  the  market  for  the  different 
produce  and  oh  the  other,  of  ensuring  the  pecuniary  advantages  which  result  from 
the  development  of  traffic. 

The  President.  (In  French.) —  I  now  call  upon  Mr.  Mange  to  be  good  enough  to 
give  us  a  summary  of  his  own  report. 

Mr.  Mange.  (In  French.)  —  The  report  which  I  have  the  honour  of  bringing 
before  you  begins  by  recalling  a  few  preliminary  ideas  as  to  the  extreme  limits 
between  which  the  rates  for  carriage  may  lie.  These  limits  are  first  the  value  of 
the  transport,  i.  e.,  the  additional  value  an  article  acquires  when  it  is  conveyed  to  a 
place  wjiere  its  selling  price  is  higher  and,  secondly,  the  net  coijt.  The  latter  may 
itself  be  regarded  from  two  different  points  of  view,  according  to  whether  we  mean 
the  average  net  cost,  i.  e.,  the  whole  capital  charges  and  working  expenses  divided 
by  the  total  number  of  traffic  units,  or  whether  we  mean  the  actual  cost  of  a  given 
piece  of  work,  which,  in  this  case,  only  has  to  stand  the  expenses  actually  involved 
in  carrying  out  this  transport,  the  capital  charges  and  working  expenses  being 
supposed  to  be  already  covered  by  the  whole  of  the  pre-existing  traffic.  It  is 
between  these  two  limits,  value  of  transport  and  net  cost,  that  the  rate  may  assume 
a  whole  series  of  different  values. 

When  we  come  down  from  the  highest  limit  and  when  we  decrease  the  rate,  the 
receipts  rise  at  first  together  with  the  tonnage;  but  if  we  continue  to  lower  the  rate, 
there  comes  a  time  when  the  receipts  reach  a  maximum  and  then  fall  to  nil  when 
the  rate  becomes  nothing.  On  the  other  hand,  expenses  rise,  I  do  not  say  propor- 
tionately to  the  tonnage,  but  as  the  tonnage  increases. 

It  will  be  seen  then  that  there  is  a  rate  at  which  the  profit  of  the  carrier,  i.  e.,  the 
difference  between  the  earnings  and  the  expenses,  reaches  a  maximum.  If  the 
carrier  is  acting  on  business  principles,  this  is  the  rate,  producing  the  maximum 
profit,  that  must  obviously  be  sought  after. 

It  should  be  noted  that  the  rale  which  procures  the  maximum  profit  towards 
which  the  carrier  ought  to  strive,  if  he  is  acting  on  business  principles,  is  not 
the  highest  possible;  very  much  the  contrary,  because  as  the  rate  falls  and  the 
tonnage  of  goods  carried  rises,  the  net  cost  of  this  transport  effected  in  wholesale 
quantities  falls  also;  consequently,  it  becomes  possible  to  grant  a  further  reduction 
of  rate  and  thus,  while  the  carrier  gets  the  maximum  profit,  the  traffic  can  be 
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developed  as  far  as  the  general  welfare  of  the  community  demands  that  it  should  be. 

In  reference  to  this,  I  recently  read  something  very  interesting  in  Mr.  Hill's 
evidence  on  the  rates  question  before  the  United  States  Senate.  He  stated  that  he  had 
instituted  on  his  system  a  rate  for  the  carriage  of  timber  which  1  believe,  considering 
the  small  amount  originally  carried,  meant  a  loss.  But  this  traffic  grew  so  enor- 
mously without  any  proportionate  increase  in  expenses,  that  now  it  leaves  him  a 
good  profit. 

This  point  is  important  because  people  have  often  criticized  the  phrase  "  charging, 
what  the  traffic  can  bear  "  and  said  it  led  to  making  almost  prohibitive  rates.  That 
is  quite  a  mistake.  Charging  all  the  traffic  can  bear,  does  not  mean  charging  for  an 
individual  thing  a  rate  just  below  what  would  prevent  any  being  carried,  but  char- 
ging a  rate  which  allows  the  traffic  to  grow  to  an  extent  that  will  give  the  carrier 
the  maximum  profit. 

After  this  preliminary  exposition  of  principles,  my  report  states  that  the  preceding 
theories  are  not  exactly  applicable  in  practice,  because  we  cannot  determine  in 
advance  the  value  of  all  items  of  transport,  as  this  value  alters  constantly  owing  to 
the  reaction  which  the  various  points  of  consumption  and  production  exercise 
upon  each  other,  and  because  neither  do  we  know  the  law  according  to  which  traffic 
grows  when  we  lower  the  rates.  When  it  is  a  question  of  establishing  a  system  of 
rates,  we  then  have  to  give  up  these  theoretical  considerations  and  accept  more 
practical  methods  of  rate-making.  But  what  has  gone  before  suffices  to  show  — 
and  this  is  a  very  important  point  —  that  rating  is  not  a  matter  of  a  formula  but 
of  circumstances,  and  that  a  rate  investigation  involves  from  the  commercial  depart- 
ments special  attention,  and  a  thorough  acquaintance  with  the  requirements  that 
have  to  be  met  in  each  case. 

Next  the  report  considers  the  origin  and  principles  of  the  various  systems  of  rating 
employed  in  the  countries  considered  in  the  report,  /.  e  ,  by  France,  Belgium,  Italy, 
Spain  and  Portugal.  We  state  that  at  the  commencement,  except  in  the  case  of 
Belgium,  where  the  railways  have  been  worked  by  the  State  from  the  outset,  the 
rates  were  fixed  by  the  charters  given.  These  rates  were  maxima  and  naturally 
could  not  be  arranged  in  consideration  of  the  value  of  the  service,  which  would  have 
involved  making  an  infinitude  of  charges;  something  simpler  was  necessary  and  a 
system  was  instituted  of  classifying  goods  according  to  their  market  value  into  a 
certain  number  of  classes,  and  applying  to  each  of  these  classes  a  rate  proportional 
to  the  weight  carried  and  the  distance  run. 

The  railway  companies,  once  their  lines  were  built,  had  to  get  their  traffic,  in  other 
words  they  had  to  fight  the  preexisting  methods  of  transport,  mainly  cartage. 
In  these  circumstances,  they  were  led  to  charging  similar  sums  to  those  asked  by  the 
preexisting  undertakings,  that  is  to  say  in  most  cases  station  to  station  rates,  taking 
into  consideration  the  value  of  the  transport. 

The  Belgian  railways  found  themselves  in  a  diff'erent  position.  As  Belgium  was 
honeycombed  with  waterways  of  old  standing  in  every  direction,  the  railways  were 
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competed  with  to  all  parts  by  some  navigable  route.  The  circumstances  were  thus 
absolutely  uniform,  and  it  is  on  this  account  and  copying  navigation,  that  the  Belgian 
State  railway  administration  was  led  to  making  extremely  simple  rates,  based  exclu- 
sively on  the  capacity  of  the  wagons  and  the  distance  goods  were  carried. 

When  subsequently  railways  had  to  lower  their  charges  and  come  nearer  and 
nearer  to  net  cost,  they  were  naturally  obliged  to  insert  in  their  rates  conditions 
likely  to  reduce  this  net  cost.  Gradually  all  the  rates  in  all  countries  contained 
conditions  of  this  character  which  my  report  reviews.  I  do  not  wish  to  dilate  much 
upon  this  subject  lest  I  should  so  delay  the  discussion  and  I  shall  confine  myself 
simply  to  recalling  the  main  conditions. 

In  the  first  place,  tonnage.  It  is  quite  natural  that  a  reduction  should  be  made 
for  consignments  in  large  quantities,  because  in  this  case  the  expenses  of  the 
carrier,  per  ton,  are  far  lower  than  those  caused  him  by  the  carriage'of  a  retail 
quantity. 

Secondly,  the  length  of  haul  is  obviously  a  factor  which  causes  the  net  cost  of 
carriage  to  vary.  This  induced  many  railway  managements,  following  the  example 
of  Belgium,  to  make  rates  based  on  the  differential  system,  i.  e.,  that  the  charges 
per  kilometre  fall  as  the  distance  increases. 

Thirdly,  accessory  operations,  such  as  unloading  and  loading,  involve  great 
expenditure  to  the  railways,  so  much  so  that  they  were  led  in  certain  cases  to  grant 
reductions  in  charges,  it  being  agreed  in  exchange  that  this  extra  work  should  be 
done  by  the  consignee  and  the  consignor  themselves.  Some  railways  even,  such  as 
the  French  Northern,  went  still  further  in  this  direction  and  made  special  reduc- 
tions in  rates  for  consignors  who  themselves  made  out  way-bills,  who  shunted  and 
marshalled  the  trucks  at  the  point  of  departure.  . 

Similarly,  I  might  likewise  mention  the  facilities  afforded  in  the  rates  :  1°  to 
owners  of  private  wagons,  because  they  save  railways  a  large  expenditure  of  capital ; 
2'  the  manufacturers  who  are  content  with  very  little  time  for  loading  and  unloading, 
and  who  thus  do  hot  keep  the  company's  rolling  stock  standing  idle  long;  3**  to 
owners  of  private  sidings  who  often  obviate  railways  having  to  enlarge  their  plant. 

Another  factor  in  net  cost  and  not  the  least  important,  is  the  extent  of  the  carrier's 
liability.  By  common  law,  railways  are  subject  to  certain  conditions  of  liability  in 
case  of  delay,  loss,  damage,  etc.,  and  this  liability  involves  expenditure  often  to 
considerable  amounts.  It  is  very  natural  and  also  quite  legitimate  that  railways 
should  have  tried,  in  return  for  reductions  —  at  times  quite  large  reductions  —  to 
contract  out  of  this  liability  and  its  results  wholly  or  partially.  I  maintain  that  this 
procedure  is  very  natural  and  quite  legitimate  and  yet  it  has  given  rise  to  severe 
criticism  in  some  countries.  In  France  particularly,  the  law  has  lately  been  altered 
so  as  to  prevent  the  railway  companies  contracting  out  of  their  liability  for  damage 
in  consideration  of  a  reduction  in  rates.  On  the  other  hand,  in  every  other  country, 
I  believe,  judging  at  least  from  Mr.  Van  Overbeek  de  Meyer's,  Mr.  Smart's  and  my 
own  reports,  this  is  allowed. 
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I  have  now  run  over  the  main  conditions  to  which  the  special  rates  of  railways 
are  usually  subject,  with  a  view  to  reducing  the  net  cost  of  carriage.  This  is  indeed 
a  factor  which,  as  I  have  said,  deserves  very  serious  consideration. 

Nevertheless,  we  must  not  exaggerate  its  importance;  and,  as  people  have  tried  to 
do  and  as  people  have  often  demanded  should  be  done,  we  must  not  make  rates 
solely  based  on  cost  price.  Such  a  system  of  rating  would  doubtless  only  bring 
about  deplorable  results  from  the  standpoint  of  developing  traffic.  This  is  easily 
understood  because  the  consignor  is  ready  to  pay  for  carriage  the  price  it  is  worth  to 
him,  but  not  the  price  it  costs  the  carrier. 

Secondly,  this  system  of  rating,  which  is  sometimes  demanded  on  grounds  of 
equity,  would  not  be  equitable  at  all,  because,  as  1  have  said,  it  is  impracticable  to 
determine  j^ecisely  the  net  cost  of  each  piece  of  business.  Only  an  average  net 
cost  can  therefore  then  be  arrived  at,  and  it  does  not  take  into  account  the  individual 
circumstances  of  each  transaction,  and  consequently  it  has  no  real  relation  to  the 
service  actually  rendered. 

No  system  of  such  a  kind  could  be  accepted,  except  by  a  State  railway  agreeing  to 
carry  goods  at  a  price  far  below  the  average  net  cost  and  charging  the  difference  to 
the  tax-payer.  I  need  not  discuss  such  a  system  here,  but  simply  state  that  it  has 
not  been  adopted  by  any  State  railway.  This  is  why  those  railways,  despite  their 
special  tendencies  have,  like  the  private  companies,  as  a  matter  of  fact  based  their 
rates  much  less  on  net  cost  than  on  the  value  of  the  transport ;  and  they  have  even 
laid  more  and  more  stress  on  this  latter  consideration,  by  diversifying  their  tariffs 
more  and  more.  They  began  with  a  system  of  exceedingly  simple  rating,  based 
chiefly  on  the  tonnage  of  consignments,  on  carriage  in  closed  or  open  wagons,  and 
little  by  Itttle,  the  number  of  their  special  and  exceptional  tariffs  multiplied  until 
now  they  have  attained  an  extraordinary  development.  Thus  it  happens  that  in 
Germany,  more  than  half  the  total  tonnage  of  goods  is  now  carried  under  the  con- 
ditions of  exceptional  tariffs. 

It  is  to  be  noted  that  inversely,  the  private  companies,  which  at  first  based  their 
rates  mainly  upon  the  value  of  the  transport,  by  instituting  especially  station  to 
station  rates,  are  more  and  more  disposed  to  substitute  for  them  scale  rates.  This 
latter  system  of  rating  has  certainly  much  to  commend  it  from  the  standpoint 
of  clearness  and  simplicity;  but  it  is  certain  that  these  characteristics  are  only 
secondary,  and  that  the  prime  object  to  attain  is  above  all  the  development  of  the 
traffic.  Consequently,  while  instituting  scale  rates  when  that  can  be  done,  we  must 
not  hesitate  to  have  recourse  to  station  to  station  rates  based  on  the  value  of  trans- 
port, whenever  it  is  the  only  means  either  to  encourage  traffic  that  would  not  other- 
wise exist,  or  to  allow  a  railway  company  to  get  its  share  by  fair  means  of  a  traffic 
that  is  already  using  other  means  of  transport. 

Such,  gentlemen,  is  the  summary  of  the  main  points  in  the  first  part  of  my 
report. 

With  regard  to  the  detailed  examination  of  the  rates  in  each  country,  you  will 
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find  in  the  second  portion  of  my  report,  the  data  which  I  have  collected  on  the  sub- 
ject; I  cannot  summarize  them,  in  view  of  their  character,  and  I  already  owe  you  an 
apology  for  having  taken  longer  over  my  summary  than  I  had  intended. 

The  President.  (In  French.)  —  We  have  now  listened  lo  summaries  of  the  three 
reports  submitted  for  our  consideration ;  they  describe  the  systems  of  rates  insti- 
tuted in  all  countries  except  in  the  United  States,  for  which  no  report  has  been  sub- 
mitted. 

Perhaps  one  of  our  American  colleagues  would  kindly  tell  us  upon  what  prin- 
ciples American  rates  are  based.  Our  subject  would  thus  be  complete  and  we 
shall  then  have  passed  all  the  countries  in  review. 

Would  Mr.  Hudson  kindly  tell  us  what  classification  is  adopted  for  goods  in  the 
United  States,  if  there  are  any  rates  analogous  to  what  we  in  Europe  call  general 
rates,  with  special  and  exceptional  rates  and  how  they  are  fixed?  As  regards  this 
latter  point,  I  believe,  in  the  United  States,  the  rates  are  arranged  even  more  than 
anywhere  else  upon  business  considerations,  i.  e,,  by  trying  in  each  instance  to  fix 
the  rate  most  suitable  for  developing  traffic  as  much  as  possible  and  attract  to  the 
railways  all  the  tonnage  they  can  get. 

Mr.  Stuyvesant  Fish,  Illinois  Central  Railroad  —  I  think  Mr.  Hudson  will  be  very 
glad  to  make  what  might  be  called  an  extemporaneous  answer  to  the  questions. 

Mr.  T.  J.  Hu(^son,  Illinois  Central  Railroad.  —  I  have  not  attended  all  these 
meetings,  but  have  listened  attentively  to  what  has  been  said  to-day  by  the  different 
speakers,  and  shall  be  pleased  to  answer  the  questions  asked  by  the  President. 

Our  tariffs  and  classifications  are  largely  based  on  the  same  conditions  as  men- 
tioned in  the  reports  submitted  by  the  representatives  of  other  countries,  viz.,  as  to 
weight,  bulk,  cost,  liability  for  damage  in  handling  shipments,  perishable  or  other- 
wise, fast  or  slow  time  schedules  required,  etc.,  all  of  which  conditions  enter  into 
the  cost  of  handling  traffic. 

It  goes  without  saying  that  in  the  older  countries  matters  have  reached  more 
fixed  conditions  than  in  the  United  States,  so  that  the  necessity  of  constantly  chan- 
ging tariffs  and  classifications  does  not  exist  to  the  same  extent  as  with  us. 

The  United  Slates  being  a  comparatively  new  country,  as  new  railroads  are 
built  and  the  country  settlefl  up,  developments  are  constantly  being  made  in  the 
matter  of  production  of  raw  materials,  which  in  turn  opens  up  manufacturing 
interests,  and  coming  in  competition  with  that  of  other  territory  already  engaged  in 
same  classes  of  business,  makes  constant  changes  in  the  matter  of  rates  and  classi- 
fication necessary. 

We  make  low  tariffs  on  coal,  lumber  and  other  similar  classes  of  carload  freight; 
in  addition  to  which,  we  have  what  are  called  commodity  tariffs  made  for  the  pur- 
pose of  building  up  manufacturing  interests  and  these  tariffs  probably  change  more 
often  than  the  others.     Then  there  is  a  tariff  on  general  merchandise  shipments. 
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covering  a  large  number  of  articles  divided  up  into  classes,  the  r^tes  being  made  in 
accordance  with  cost  of  article,  bulk,  etc. 

The  question  of  competition,  railroad  and  water,  has  also  much  to  do  with  the 
making  of  our  domestic  rates. 

Another  feature  to  which  I  wish  to  call  attention  is  that  of  import  traflSc,  and 
which  is  quite  difficult  to  handle;  for  instance,  1  have  in  mind  some  sulphur  mines 
in  the  State  of  Louisiana,  which  have  developed  in  the  past  few  years,  and  the  com- 
petition we  have  to  meet  on  that  business  is  from  Sicily.  To  arrive  at  satisfactory 
rates  from  Louisiana  to  points  in  the  United  States,  we  have  to  ascertain  the  cost  of 
production  of  the  sulphur  in  Sicily  and  Louisiana,  also  the  ocean  and  inland  rates 
on  the  shipments  made  from  Sicily  to  points  of  destination  in  this  country,  and  then 
fix  the  rates  from  Louisiana  to  compete  with  same. 

I  merely  mention  this  to  show  how  far  reaching  the  conditions  are  in  making 
rates  on  import  traffic. 

The  gentleman  here  suggests  that  I  say  something  with  regard  to  the  Interstate 
Commerce  Act  : 

The  main  features  of  that  act  are  that  no  shipments  can  be  moved  until  the  taritt 
has  been  filed  with  the  Commission  at  Washington  and  also  posted  for  public 
inspection,  and  this  is  done  by  placing  them  in  the  Station  Agent's  office.  These 
interstate  tariffs  cannot  be  changed  without  first  giving  the  Commission  five  days 
notice  in  case  of  a  reduction  and  ten  days  for  an  advance  in  rates. 

The  railroad  companies  have  the  right  to  make  interstate  rates,  but  they  are  sub- 
ject to  decision  of  the  Commission  on  complaint  of  shippers,  who  may  claim  that 
they  are  unreasonjibly  high.  The  decision  of  the  Commission,  however,  is  not  final 
as  the  railroads  have  further  recourse  by  taking  an  appeal  to  the  courts. 

Mr.  Mange,  reporter.  —  Must  the  tariffs  be  published  ? 

Mr.  T.  J.  Hudson.  —  They  must  be  published. 

Mr.  Mange.  —  In  advance? 

Mr.  T.  J.  Hudson.  —  Yes  sir,  they  must  be  published  and  posted.  Taking  into 
consideration  the  vast  interstate  traffic  of  this  country,  comparatively  few  com- 
plaints have  been  made  by  shippers  to  the  Commission,  and  the  decisions  in  favour 
of  the  railroad  companies,  taken  as  a  whole,  have  been  more  favourable  than  other- 
wise, and  in  some  cases  the  decisions  of  the  Interstate  Commerce  Commission, 
when  unfavourable  to  the  railroads,  have  been  reversed  by  the  courts. 

The  President.  (In  French.)  —  We  are  much  obliged  to  our  colleague  for  his 
exceedingly  interesting  discourse. 

Mr.  James  Douglas,  El  Paso  &  Southwestern  Railroad,  United  States.  —  Mr.  Pre- 
sident, there  is  another  question  upon  which  I  think  Mr.  Hudson  might  say  a  word, 
that  is  in  regard  to  State  legislation  in  the  matter  of  regulating  rates  and  the  power 
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that  the  Stales  have  to  determine  the  rates  within  the  States.     Perhaps  Mr.  Hudson 
would  like  to  supplement  his  remarks  by  saying  something  along  that  line. 

The  President.  (In  French.)  —  That  seems  to  me  outside  our  agenda  paper;  we 
are  not  entitled  to  discuss  here  questions  of  legislation,  but  only  the  principles  upon 
which  rates  are  based.  Questions  connected  with  legislation  depend  upon  the 
varying  circumstances  of  each  country.  It  might  be  interesting  to  make  this  the 
subject  at  one  of  our  future  sessions.  But  at  present  the  subject  on  our  agenda 
paper  is  confined  to  the  consideration  and  discussion  of  the  principles  upon  which 
the  rates  in  the  different  countries  represented  here  are  actually  based. 

Mr.  William  d'Eichthal,  Local  Railway  of  the  Landes  District,  France.  (In  French.) 
—  In  America  itself,  it  would  seem  that  some  States  have  a  right  to  control  and  even 
fix  companies'  rates.     It  would  be  interesting  to  have  precise  particulars. 

The  President.  (In  French.)  —  That  is  not  the  question  we  have  to  discuss. 

Mr.  Stuyvesant  Fish.  —  1  would  say  that  if  that  information  about  State  legislation 
and  other  legislation  in  this  country  is  of  any  interest  to  any  of  the  members,  the 
information  would  be  gladly  furnished.  There  is  a  committee  of  Congress  now 
sitting  dealing  with  this  subject,  and  that  information  can  be  furnished.  I  should  be 
glad  to  furnish  it,  but  in  view  of  the  ruling  of  the  chair  upon  the  subject,  of  course 
I  will  not  go  into  it.  However,  the  reports  on  that  can  be  furnished.  I  would  add 
one  thing  in  the  way  of  explanation  of  what  Mr.  Hudson  has  said.  As  far  as  the 
complaints  against  the  railways  not  having  been  sustained  by  the  Commission  is 
concerned,  there  is  an  appeal  from  the  decision  of  the  Commission  to  tlie  courts, 
finally  in  this  country.  I  would  also  add  that  there  are  exceedingly  few  cases  of 
excessive  rates  which  have  ever  been  passed  upon  by  the  courts  unfavourably  to  the 
railroads;  I  think  there  are  only  two  or  three  such  cases. 

Mr.  T.  J.  Hudson.  —  1  think  I  mentioned  that  fact. 

Mr.  T.  H.  Rendell,  Great  Western  Railway,  Great  Britain.  —  The  important  point 
in  connection  with  the  fixing  of  rates  on  English  railways,  as  Mr.  Smart  has  pointed 
out  in  his  paper,  is  that  very  great  attention  is  paid  in  England  to  undue  preference. 
Now,  it  sometimes  happens  that  in  order  to  get  the  traffic,  where  there  is  water  or 
other  competition,  it  is  necessary  to  fix  very  low  rates.  The  Railway  and  Canal 
Traffic  Act,  passed  in  1888,  provides  that  a  railroad  company  may  charge  a  lower 
rate  for  a  longer  distance  when  the  traffic  is  carried  over  the  same  route.  But  in 
that  case  the  onus  of  showing  that  the  rate  is  not  an  undue  preference  lies  with  the 
railroad  company.  Now,  in  practice  it  works  out  a  little  awkwardly.  Taking  the 
Great  Western  Railway,  for  instance,  we  have  a  very  long  line  through  Devon  and 
Cornwall,  with  the  sea-board  on  either  side.  If  we  wish  to  carry  traffic  at  all  we  must 
carry  it  at  very  low  rates  indeed.  It  is  not  necessary  to  carry  it  at  such  low  rates  to 
Bristol  or  Exeter  —  say  Bristol,  for  example.     I  could,  for  instance,  get  the  traffic 
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at  say  10  cents,  but  if  I  quote  that  figure  it  would  be  lower  than  intermediate  rates, 
and  there  is  always  the  fear  of  being  taken  before  the  Railway  Commission  and 
having  the  onus  on  myself  of  showing  that  that  is  not  an  undue  preference.  I  would 
like  to  know  whether  in  America  there  is  any  similar  law,  or  whether  the  American 
railroads  do  quote  rates  regardless  of  distance  over  the  same  route  lower  than  rates 
to  intermediate  stations  on  the  same  descriptions  of  traffic. 

As  an  example,  I  quote  traffic  between  London  and  Penzance,  326  miles.  To  get 
the  traffic,  I  offer  to  quote  a  lower  rate  than  1  do  to  Bristol,  which  is  120  miles, 
because  there  is  a  sea  competition  the  whole  way.  If  I  quote  a  low  rate,  I  may  be 
brought  before  the  railroad  commissioners  on  a  charge  of  undue  preference  and 
have  to  justify  what  I  have  done.  The  fear  of  that  is  frequently  a  deterrent  in 
quoting  low  rates,  because  if  one  loses  the  case,  i,  e.,  if  it  be  decide<i  that  one  is  not 
justified  in  doing  it,  one  is  liable  for  damages. 

I  should  add  that  to  get  to  Penzance,  the  traffic  has  to  pass  through  Bristol. 

Mr.  Stuyvesant  Fish.  —  May  I  ask  you,  Mr  Rendell,  whether  your  law  is  positive, 
that  you  cannot  carry  in  that  case  from  Penzance  to  London  through  Bristol,  and 
whether  it  takes  into  account  the  circumstances,.. 

Mr.  T.  H.  Rendell.  —  We  may,  the  ac  t  says  we  may. 

Mr.  Stuyvesant  Fish.  —  But  the  burden  of  proof  is  on  you? 

Mr.  T.  H.  Rendell.  —  If  anyone  challenges  it  the  onus  of  proof  that  it  is  not 
undue  preference  is  on  us.  In  the  ordinary  law,  if  a  trader  complains  of  undue 
preference,  the  onus  of  proof  is  on  him,  but  the  fact  of  your  carrying  the  longer 
distance  at  the  same  rate  over  the  same  ground,  throws  the  onus  of  proof  on  the 
railroad  company. 

Mr.  Stuyvesant  Fish.  —  The  law,  as  I  understand  it,  in  England  is,  as  Mr,  Rendell 
has  said,  that  the  railway  may  carry  from  A  to  C  through  B,  but  then  the  burden  of 
showing  that  that  is  not  a  preference  is  on  the  railway  company.  In  America,  the 
law  is  a  little  different.  The  law  is  that  we  may  not  charge  more  for  a  short  haul, 
A  to  B,  that  being  included  in  the  long  haul,  A  through  B  to  C,  than  we  charge  A 
to  C;  but  our  law  says  "  under  substantially  similar  circumstances  ",  and  we  do  not 
have  to  prove  quite  so  affirmatively  as  you  do  the  difference  of  the  circumstances. 
Am  I  not  right,  Mr.  Hudson? 

Mr.  T.  J.  Hudson.  —  Practically,  yes  sir. 

Mr.  Stuyvesant  Fish.  —  There  has  been  a  great  deal  written  on  that  and  decided  by 
our  courts  here  in  the  last  eighteen  or  twenty  years.  That  is  substantially  the 
difference,  it  is  rather  a  difference  in  the  words  of  the  statutes. 

Mr.  Lewis  Wood.  —  Might  I  ask  if  Mr.  Rendeirs  question,  which  is  one  of  great 
importance  as  affecting  England  generally,  will  be  placed  on  the  records  of  these 
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proceedings  with  the  answer  —  because  England  will  be  very  glad  to  know  through 
this  section  what  the  decision  is. 

The  FrtBidtnt.  (In  French.)  —  Yes  cerlainly,  for  the  shorthand  report  will  be 
published  in  full.  —  The  subject  before  us  appears  to  me  to  have  been  very 
thoroughly  threshed  out.     Does  anyone  wish  to  speak  ? 

Mr.  Le  Grain,  French  State  Railways  (In  French.)  —  I  desire  to  speak  solely  to 
observe  that  in  the  various  speeches  that  have  been  made,  no  one  has  perhaps  laid 
enough  stress  on  the  fact  that  the  railway  service  is  a  public  one,  a  characteristic 
generally  recognized  throughout  the  world  and  which  necessarily  leads  to  the  prin- 
ciple of  equality  of  treatment.  This  principle  ought  to  form  one  ofthe  bases  of  rate- 
making  concurrently  with  those  founded  upon  the  value  of  transport  which  have 
been  more  especially  considered  by  Mr.  Mange  in  his  report. 

When  we  come  to  drawing  up  the  conclusions  of  to-day's  discussion,  I  trust  our 
President  will,  if  no  one  objects,  take  into  consideration  this  observation  which 
I  have  just  briefly  made. 

Mr.  William  A.  Dring,  East  Indian  Railway.  —  Mr.  President,  I  come  from  India, 
and  very  little, — in  fact,  I  think, nothing,  —  has  been  mentjoned  to-day  about  Indian 
railways.  Until  recently  Indian  railways  were  seldom  heard  of.  During  the  last 
few  years  they  have  profited  very  largely  by  experience  gained.  Indian  railway 
men  have  visited  England  and  America,  and  certain  other  countries,  and  we  have 
come  more  to  the  front;  and  now  I  think  we  are  of  sufficient  importance  to  make  it 
convenient  to  state  to  you  some  of  the  conditions  on  which  our  tariffs  are  based. 
We,  of  course,  coming  from  our  great  parent  England,  in  the  first  place  based  our 
rates  very  much  on  the  English  practice.  But  as  we  have  gone  on  we  have  departed 
in  several  instances  from  those  rates.  The  principal  departure  has  been  that  in 
addition  to  our  maximum  rates,  above  which  we  may  not  go,  we  have  minimum 
rates  below  which  we  may  not  go.  Now,  that,  I  think,  is  a  feature  more  or  less 
peculiar  in  railways.  That  is  to  say,  that  we  being  to  a  large  extent  owned  by  the 
government  of  India,  the  government  has  found  it  necessary,  in  order  to  secure  its 
interests,  and  that  it  shall  have  a  fair  return  on  its  capital,  to  say  to  those  of  us  who 
are  working  its  railways  :  "  You  shall  not  charge  below  a  certain  rate,  which  is 
specified. " 

This  rate  was  fixed  probably  fifteen  years  ago.  Since  that  time,  Indian  railway 
traffic  has  more  than  quadrupled,  and  in  its  growth,  and  in,  as  we  hope,  the 
importation  of  efficiency  into  its  management,  the  cost  of  working  has  greatly 
decreased.  Our  position  at  the  present  moment  is  that,  in  the  case  of  the  larger 
railways,  we  are  now,  on  probably  the  majority  of  our  traffic,  charging  the  mini- 
mum rate  which  the  government  says  we  may  charge.  Some  of  us,  while  charging 
this  rate,  are  bringing  to  the  government  and  earning  on  the  capital  invested, 
something  like  7  or  8  per  cent  per  annum.     We,  having  found  that  with  these 
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low  rates  our  traffic  has  increased  in  this  enormous  proportion,  should  like  very 
much  to  be  given  further  power.  That  is  to  say,  we,  having  proved,  as  we  hope, 
that  we  are  duly  careful  of  government  interests,  and  consider  the  government  as 
the  predominant  factor,  would  like  the  government  to  give  us  free  control  as  to 
reduction  of  rates  —  as  I  understand  practically  every  other  country  represented  in 
this  room  has  that  power  —  at  any  rate  it  should  give  us  the  power  of  going  below 
our  present  quotations.  At  present  on  coal  carried  long  distances,  and  on  wheat, 
we  are  charging  less  than  V2  cent  per  ton-mile.  I  give  you  the  information  in 
American  terms,  as  we  are  speaking  in  America.  And  referring  to  the  gentleman 
who  spoke  on  behalf  of  the  Illinois  Central  Railroad  (Mr.  Hudson),  he  drew  our 
attention  to  the  circumstances  that  in  the  case  of  sulphur,  the  Illinois  Central  Rail- 
road has  to  make  its  calculations  on  sulphur  imported  from  Sicily.  We  have  the 
same  condition  in  India  in  regard  to  another  commodity.  In  the  last  two  years, 
India  has  come  forward  as  a  wheat  exporting  country.  In  1904,  India  was  the 
second  exporting  country  to  the  United  Kingdom,  and  in  arriving  at  that  position 
has  been  greatly  assisted  by  its  system  of  low  rates.  I  should  like  India  to  be  the 
principal  exporter  to  the  United  Kingdom,  but  we  cannot  cut  down  another  cent  a 
ton  unless  our  powers  as  given  to  us  by  the  government  are  increased.  So  the 
reason  why  I  have  risen  is  to  ask  of  you  whether  it  is  your  opinion  that  a  minimum 
rate  should  be  laid  down,  as  well  as  a  maximum  rate? 

Then  I  would  like  to  make  a  remark  about  the  differential.  That  is  a  rule 
Mr.  Rendell  referred  to  as  to  charging  from  A  to  C  a  rate  lower  than  is  charged  from 
A  to  B.  Our  rule  is  based  on  the  English  rule.  We  undoubtedly  do  quote  lower 
rates  from  A  to  C  than  are  quoted  from  A  to  B,  but  although  we  have  a  railway 
commission,  constituted  on  exactly  the  same  lines  as  that  in  England,  there  has 
never  been  a  case  brought  before  them  complaining  of  consequent  inequality  of 
treatment.  That  is,  no  complaint  has  been  made  that  we  have  injured  one  body  of 
traders  by  charging  a  lower  rate  A  to  C,  than  on  that  from  A  to  B. 

As  soon  as  I  had  an  opportunity  of  perusing  Mr.  Smart's  and  Mr.  Mange's  and 
Mr.  Van  Overbeek  de  Meyer's  reports,  I  thought  it  might  be  interesting  to  other 
railway  lines,  to  know  how  India  is  progressing,  and  I  prepared  a  short  paper  whicii 
my  Board  of  Directors  in  England  submitted  to  the  Congress.  It  arrived  too  late. 
What  I  would  like  to  ask  is,  whether  under  the  exceptional  circumstances  this  paper 
might  be  accepted  now  as  a  part  of  this  morning's  proceedings,  so  that  those  who 
care  to  peruse  the  same  may  do  so. 

The  President.  (In  French.)  —  The  interesting  note  that  Mr.  Dring  has  referred  to 
will  be  added  to  the  shorthand  proceedings.  {See  the  appendix.) 

Mr.  Dring  tells  us  of  an  individual  instance  of  companies  that  want  to  reduce  their 
rates  below  the  minimum  and  are  not  allowed  to  do  so.  As  a  rule,  people  want  to 
lower  our  rates  and  we  protest.  Mr.  Dring's  is  a  peculiar  case  with  which  we  are 
not  familiar,  and  it  is  very  interesting  to  hear  of  it. 
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Mr.  William  A.  Bring.  —  That  is  why  I  ventured  to  make  a  few  remarks. 

Mr.  Stuyvesant  Fish.  —  Are  not  those  minimum  rates  put  in  on  account  of  the 
government  ownership  of  the  railroad? 

Mr.  William  A.  Dring.  —  Yes,  sir.  And  they  were  necessary  in  the  first  instance, 
but  now  they  are  no  longer  necessary.  They  were  so  fixed,  because  when  Indian 
railways  first  started,  the  government  was  afraid  of  meeting  a  great  loss  on  their 
working.  But  those  conditions  are  now  changed.  As  a  whole,  the  railway  system 
in  India  is  returning  a  considerable  percentage  on  the  capital  invested.  In  this, 
I  submit,  we  have  justified  confidence  in  us,  and  the  government  can  now  withdraw 
the  restriction. 

The  Frdsident.  (In  French.)  —  This  is  an  instance  of  a  government  ^^orking  rail- 
ways for  revenue  purposes  and  objecting  to  a  reduction  of  rate. 

Mr.  William  d*Eichthal.  (In  French.)  —  It  should  be  noted  that  the  State's  share 
is  almost  the  whole.  Out  of  the  £1,400,000  profits  distributed,  the  State  gets 
£1,260,000. 

Mr.  Stnyvesant  Fish.  —  Mr.  President,  I  would  like  to  ask  the  gentleman  from 
India  one  question.  I  never  understood  that  any  government  fixed  minimum  rates. 
And  I  want  to  ask  him  whether  the  matter  has  been  referred  to  the  government  by  the 
railroad  and  whether  they  have  refused  to  reduce  those  rates,  and  for  what  reason? 

Mr.  William  A.  Dring.  —  I  shall  be  pleased  to  answer  that  question.  The 
reference  has  been  made  to  the  government,  and  the  government  has  in  specific 
instances  been  asked  to  reduce  them.  The  government  has  hitherto  —  I  know  not 
their  reason  —  declined  to  reduce  the  minimum.  And  now  I  will  give  you  an 
instance.  The  distance  from  Delhi  to  Calcutta  is  9o4  miles.  We  have  been 
charging  the  minimum  rate,  practically,  for  the  last  fifteen  years.  We  have  not  been 
able  to  reduce  our  rate  from  Delhi  to  Calcutta  for  fifteen  years  on  account  of  this 
minimum.  The  distance  from  Delhi  to  Calcutta,  954  miles,  is  practically  the  same 
as  from  Chicago  to  New  York.  I  think  I  may  add  that  we  should  be  prepared  to 
quote  a  cheaper  rate  from  Delhi  to  Calcutta  than  is  quoted  by  any  railway  from 
Chicago  to  New  York,  if  only  the  railroad  had  the  power. 

Mr.  T.  J.  Hudson.  —  I  should  like  to  ask  a  question  as  to  what  is  your  reason  for 
desiring  to  reduce  that  rate.  Is  it  on  account  of  competition,  or  because  of  your 
belief  that  it  will  increase  your  tonnage  and  make  more  traffic? 

Mr.  William  A.  Driug.  —  W^e  consider  that  with  present  quotations  we  are  making 
such  a  lot  of  money,  that  we  might  be  given  the  power  to  offer  futher  attractions. 

Mr.  Stnyvesant  Fish.  —  I  should  like  to  ask  Mr.  Dring  another  question.  Is  not 
the  cheapness  of  carriage  in  India  very  much  due  to  the  cheapness  of  labor?  Your 
labor  is  rather  notoriously  cheap? 
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Mr.  William  A.  Dring.  —  Our  labor  is  notoriously  cheap.  Coal  is  also  very  cheap, 
especially  on  the  East  Indian  Railway.     But  labor  is  cheap,  as  Mr.  Fish  has  said. 

Mr.  Hugh  X«Lachlan,  New  South  Wales  Government  Railways.  —  Mr.  President, 
as  a  delegate  from  Australia,  and  also  representing  government  roads,  the  same  as 
Mr.  Dring,  I  will  say  we  have  rather  more  elastic  conditions  and  I  think  more 
popular  clauses  than  appear  to  govern  the  English  railways,  and  we  have  one  clause 
which  I  think  is  more  liberal  almost  than  anything  prevailing  in  any  railway. 
Speaking  generally  as  to  the  scientific  principles  governing  classification,  we  attempt 
to  manage  railways  as  English  railways  are  managed.  So  far  as  a  scientific  classi- 
fication is  concerned,  I  think  every  commercial  manager  is  pretty  well  convinced 
that  is  impossible.  But,  we  have  an  adaptable  classification.  We  have  a  number 
of  classes,  the  same  as  referred  to  in  the  paper  read  by  the  foreign  gentleman  to 
whom  we  have  just  listened.  We  have  several  classes  and  a  number  of  exceptional 
rates.  But,  of  course,  there  can  be  no  complete  railway  classification  —  every 
railway  will  endeavour  to  get  as  much  as  it  can.  That  is  practically  what  binds 
everyone.  Indian  government  is  certainly  very  exceptional  in  that  respect,  because 
every  one  wants  to  give  as  low  rates  as  he  can  consistent  with  fair  dividends.  But 
we  are  governed  entirely  by  the  same  principle  that  govern  other  railways.  We  get 
as  much  as  we  can  consistent  with  a  few  general  principles  as  to  the  nature  of  the 
traffic,  its  value,  as  to  whether  it  is  hazardous,  whether  it  is  unduly  bulky,  and 
furnishes  a  fair  return.  We  have  comparatively  low  rates  considering  we  pay  high 
wages.  But  in  regard  to  the  preference  clause,  that,  of  course,  must  be  the  main 
difference  or  the  main  difficulty  with  all  railroad  rates,  as  to  what  exception  you  are 
going  to  make.  We  cannot  have  a  cut  and  di:ied  classification.  We  will  publish 
and  show  the  rates  over  every  line  we  run  and  every  class  of  goods,  and  for  every 
particular  item  of  goods,  but  there  must  be  some  elasticity  and  we  have  provided  for 
that.  We  have  it  in  our  Act  of  Parliament  under  a  clause  which  provides  that  not- 
withstanding any  rale  which  is  provided  in  that  rate-book,  the  railroad  administra- 
tion may  have  the  power  to  quote  any  rates  for  any  specific  class  of  goods  or 
merchandise  under  exceptional  circumstances,  provided,  of  course,  that  the  rate 
shall  apply  to  any  person  using  the  railway  under  like  circumstances,  and  under 
like  conditions. 

Now,  in  regard  to  Mr.  Fish's  remarks  as  to  American  railways,  "  like  circum- 
stances "  may  cover  a  multitude  of  sins;  that  is  to  say,  a  ton  of  cotton  from  St.  Louis, 
if  they  produced  cotton,  may  be  carried  cheaper  from  St.  Louis  to  New  York  than  a 
ton  of  cotton  from  Washington  to  New  York,  simply  because  the  circumstances  are 
different.  But  we  are  practically  honest  in  that  respect ;  we  give  the  administration 
the  power  to  quote  any  rate  for  any  class  of  traffic.  The  only  obligation  is  that 
every  three  months  those  rates  shall  be  published,  if  you  have  power  here, 
according  to  Mr.  Hudson,  to  alter  a  rale  on  ^\c  to  ten  day's  notice,  the  point  is, 
don't  you  make  your  arrangements  before  you  publish  your  rate?    Is  there  any 
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obligation  on  you  as  to  the  rate  not  being  quoted  until  after  you  publish  it?  I  take 
it  that  very  often  your  rates  may  be  quoted  in  advance  and  their  publication  is  simply 
a  legal  obligation.  What  provision  have  you  to  overcome  the  operation  of  any  rate 
by  secret  agreement?  That  we  do  not  attempt  in  New  South  Wales,  at  any  rate. 
We  give  general  power  of  administration,  we  have  general  principles  governing 
rates,  but  where  special  traffic  is  offered,  we  have  the  power  of  quoting  special  rates 
altogether  irrespective  of  what  may  appear  in  the  classification.  The  obligation  is 
on  us  to  publish  that.  Of  course,  the  railways  are  governed  by  the  administration 
for  the  people,  they  are  government  lines,  and  there  is  no  penalty  attached  to  quoting 
a  wrong  rate,  except  this  :  if  mistakes  were  made,  no  doubt  the  administration 
would,  subject  to  the  rule  of  the  people,  lose  their  place.  They  govern  for  the 
people  and  they  are  bound,  of  course,  by  the  desire  to  render  a  good  return  from 
the  property  they  have  in  their  charge,  and  so  far  we  have  always  endeavoured  to 
keep  simply  within  the  pale  all  the  time.  We  can  borrow  money  at  3  ^/g  per  cent,  and 
what  is  attempted  is  to  give  an  annual  return  of  3  V2  P^r  ^^^^-  ^^  w®  ^1*^  S  P^r  cent, 
the  administration  reduce  the  rate  in  order  to  reduce  the  surplus  we  have.  We  have 
come  down  to  3  V2  P^r  cent,  giving  i  ^2  P^r  cent  in  shape  of  reduced  charges  to 
the  general  public.  We  have  elastic  conditions,  and  we  have  found  it  answered 
fairly  well. 

Mr.  William  d*Eichthal.  (In  French.)  —  It  would  be  interesting  to  know  whether 
the  minimum  in  India  is  not  appreciably  above  the  minimum  in  other  countries. 

Mr.  Guerreiro,  Portuguese  Ministry  for  Public  Works,  Commerce  and  Industry. 
(In  French.)  —  The  subject  is  of  high  interest.  It  would  be  well,  I  too  think,  to 
ask  whether  the  minimum  rate  applies  to  both  standard  and  to  narrow  gauge  rail- 
ways, because  in  that  case  it  would  seem  more  a  fiscal  tax  than  interest  on  capital. 

Mr.  W.  M.  Acworth,  Board  of  Trade,  Great  Britain.  —  May  I  ask  Mr.  McLachlan 
to  explain  his  statement?  He  said  that  if  there  was  an  excess  of  over  3  ^/j  per  cent, 
which  was  the  sum  necessary  to  pay  interest,  the  government  of  New  South  Wales 
would  reduce  the  rate.  I  should  like  to  ask  whether  this  has  ever  been  found 
necessary  in  actual  practice  or  whether,  in  fact,  it  has  not  rather  been  necessary  to 
supplement  the  rates  by  taxation  almost  every  year,  because  the  railroad  earnings 
did  not  pay  the  3  ^1^  per  cent? 

Mr.  Hugh  McLachlan.  —  We  have  considerably  reduced  the  rate  within  recent 
years.  The  rates  are,  practically,  very  seldom  increased,  but  there  have  been  a 
great  number  of  decreases.  Of  course,  in  some  years  the  railways  have  not  paid. 
We  are  a  young  country,  with  a  very  small  population,  a  little  over  1  million,  and 
we  have  3,600  miles  of  railway.  You  may  understand  that  most  of  our  popul- 
ation is  on  the  sea-board,  and  we  are  developing  the  country  and  the  government  has 
had  to  make  up  from  time  to  time  deficiencies  on  those  railways;  but  we  have  made 
those  railways  in  the  new  country  without  any  subsidy  or  without  any  grant.    It  is 

V   XI  121 


Digitized  by 


Google 


—  1730  — 

a  question  of  whether  it  is  not  better  for  the  State  to  do  that  than  to  do  as  they  have 
done  in  Canada  and  give  away  20  million  acres  of  land.  We  have  kept  our  land, 
and  as  lands  increase  in  value,  they  have  fallen  to  the  people.  In  Victoria  they  have 
made  a  direct  contribution  to  the  railway  capital.  In  view  of  the  increased  value  of 
land,  they  endowed  the  railways  there  during  a  course  of  years  with  IS  million 
dollars  in  view  of  the  increased  value  of  crown  lands. 

Mr.  John  Pickering,  South  Australia  Government  Railways.  —  Mr.  President, 
Mr.  McLachlan  has  very  completely  represented  the  largest  state  in  Australia,  but 
there  are  one  or  two  points  concerning  the  situation  in  South  Australia  that  I  should 
like  to  call  attention  to  lest  Mr.  McLachlan's  remarks  might  mislead  you  as  to  govern- 
ment control  of  railroads  in  Australia.  You  will  understand  that  in  each  State  of 
Australia  the  government  participates  in  the  control  of  railway  management,  and  has 
usually  one  minister  of  the  crown  as  commissioner  of  public  works  or  commissioner 
of  railways,  and,  of  course,  he  has  some  influence,  and  dominates  to  some  extent  in 
railroad  management.  Then,  under  the  government,  there  are  one  railroad  commis- 
sioner, or  two  or  three  railroad  commissioners  entrusted  with  the  management  of 
the  railroads,  and  usually  the  acts  of  Parliament  authorizing  the  construction  of  rail- 
ways specify  maximum  rates  for  the  conveyance  of  merchandise.  I  am  speaking  for 
my  own  State  only.  Those  maximum  rates  are  sufficiently  high  to  satisfy  all  the 
requirements  of  the  management  of  railways.  The  railroad  commissioners  are 
allowed  to  make  special  rates  to  secure  traffic,  but  these  rates  I  think,  as  Mr.  McLach- 
lan pointed  out,  have  to  be  submitted  periodically  to  the  government  of  the  country, 
and  with  us  placed  before  Parliament  every  three  months.  When  we  are  issuing  a 
new  classification  of  rates,  that  classification,  usually  issued  in  the  form  of  a  by-law, 
has  to  be  submitted  to  the  government  with  us  and  placed  before  Parliament  and 
gazetted. 

As  to  the  question  of  making  up  this  3  ^2  P^r  cent  on  capital,  with  us  I  think  it 
differs  a  little  from  the  method  adopted  in  New  South  Wales.  I  hold  in  my  hand  a 
summary  of  Australasian  statistics  —  that  is,  including  Australia  and  New  Zealand. 
I  do  not  intend  to  inflict  this  upon  you  this  morning,  this  is  not  the  time  for  that, 
but  I  see  from  these  statistics  that  the  net  revenue  on  the  Australasian  railways  for 
the  year  last  published  was  3*2  per  cent,  or  3  Vs  per  cent  on  the  capital  cost.  It  may 
be  said  that  this  is  not  a  fair  year  to  take,  because  Australia  has  been  suffering  from 
a  disastrous  drought,  in  fact  has  been  suff'ering  from  that  for  five  or  six  or  seven 
years,  in  which  time  we  have  lost  a  considerable  amount  of  our  live  stock  and  the 
condition  generally  has  been  very  much  depressed.  In  the  year  I  mention  3  '/jo  per 
cent  was  the  rate,  and  the  year  we  are  now  in,  ending  the  30*^  of  June,  will  show  a 
better  result.  In  South  Australia,  when  we  had  this  drought,  we  raised  our  rates  all 
through,  our  passenger  fares  and  our  rates  on  freight,  so  as  to  pay  our  way,  and  earn 
something  like  3  ^/g  per  cent  on  the  capital  cost.  It  is  not  usual  to  do  it,  it  is  only 
done  in  emergencies.    You  understand  very  often  in  America  rates  are  raised  on 
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one  line  and  the  result  is  to  throw  traflBc  to  another  line  in  such  a  case;  but  in 
Australia  there  is  a  monopoly,  there  is  no  railway  competition  in  the  State,  the 
government  can  raise  the  rates  or  lower  the  rates;  thus  in  brief  charging  the  con- 
sumers on  the  railways  —  who  are  practically  the  proprietors  —  the  cost  price  for 
carrying  passengers  and  merchandise. 

I  think  that  represents  perhaps  the  only  difference  from  what  Mr.  McLachlan  has 
said,  and  you  will  understand  perhaps  a  little  more  clearly  the  method  adopted  in 
Australia  as  a  whole. 

Mr.  Stuyvesant  Fish.  —  Mr.  Pickering,  did  we  understand  you  correctly  that  the 
railways  in  your  country  are  government  railways  pure  and  simple? 

Mr.  John  Pickering.  —  Yes,  that  is  so  practically. 

Mr.  Stuyvesant  Fish.  —  I  would  say  one  thing  in  this  connection.  Mr.  Pickering 
spoke  of  the  raise  of  the  rates  on  account  of  public  distress,  in  the  case  he  mentions, 
the  distress  being  a  severe  drought.  That  is  exactly  contrary  to  what  we  are  obliged 
to  do  in  such  a  case.  If  there  comes  a  time  of  depression  in  America,  such  as  there 
was  from  1893  to  1897,  we  have  to  reduce  our  rates  to  keep  the  wheels  of  commerce 
moving.     We  have  done  that  over  and  over  again  in  every  line. 

Mr.  John  Pickering.  —  It  might  be  misleading  if  I  were  not  to  add  that  there  have 
been  times  (the  time  of  the  disastrous  drought  for  instance)  where  we  have  had  to 
meet  the  necessities  of  the  settlers  and  reduce  our  rate,  carrying  starving  live  stock 
long  distances  at  a  merely  nominal  rate  in  order  that  the  lives  of  the  cattle  may  be 
spared  as  much  as  possible.  And  in  other  directions  in  times  of  distress  we  have 
lowered  the  rate  very  considerably ;  but  I  was  only  speaking  of  raising  the  rates  when 
things  were  looking  better  and  when  the  people  generally  could  afford  to  pay  higher 
rates. 

Mr.  James  Douglas.  —  It  is  almost  unnecessary  to  add  anything  perhaps,  but 
I  would  say  that  in  the  arid  region  in  the  west  the  railroads  generally  put  in  what 
they  call  emergency  cattle  rates,  meeting  exactly  the  same  conditions  you  speak  of. 

Mr.  John  Pickering.  —  We  have  carried  fodder  for  ^2  dollar  a  ton  for  long 
distances. 

Mr.  James  Douglas.  —  That  is  exactly  the  case  that  we  have  to  meet  and  that  is  an 
emergency  rate. 

Mr.  Stuyvesant  Fish.  —  The  case  Mr.  Douglas  cites  and  the  case  Mr.  Pickering  cited 
are  a  little  different  from  what  I  had  in  mind.  What  I  want  to  speak  of  is  a  period 
not  due  to  drought,  not  due  to  local  conditions,  but  a  general  depression  in  business 
which  comes  over  the  whole  country  now  and  then,  every  ten  or  a  dozen  years.  In 
those  cases,  the  American  railways  have  been  forced  by  circumstances,  by  competition 
among  themselves,  by  the  necessity  in  a  new  country  of  keeping,  as  I  say,  Ihe  wheels 
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of  commerce  moving,  keeping  business  going,  to  reduce  their  tariffs  generally,  not 
only  upon  cattle  or  fodder  for  cattle,  but  upon  such  articles  as  pig  iron,  upon 
general  articles  of  commerce,  making  a  general  reduction  in  the  whole  tariff,  so 
that  the  railway  shall  take  a  less  profit  at  the  time  when  the  merchant  is  making  a 
poor  profit  or  no  profit  and  the  manufacturer  making  a  poor  profit  or  no  profit. 
We  come  forward  and  have  come  forward  over  and  over  again  to  share  in  their 
losses.  Our  trouble  to-day  is  that  with  the  great  prosperity  that  is  now  general 
throughout  the  United  States  —  for,  as  you  know,  we  are  in  a  period  of  remarkable 
prosperity  at  present  —  we  have  the  utmost  difficulty  in  increasing  our  rates,  putting 
them  back  to  where  they  were  before  they  were  reduced  seven  or  eight  years  ago, 
and  which  it  is  necessary  to  do  on  account  of  our  increased  expenses  and  the 
increased  cost  of  operation  owing  to  increased  prices  of  material  and  labor. 

I  think  the  difficulty  of  our  position  is  due  to  the  great  number  of  corporations  in 
this  country  and  to  the  control  by  State  governments  to  which  Mr.  Hudson  has 
alluded,  the  State  governments  regulating  us  in  detail,  and  to  the  United  States 
government  regulating  us  wholesale. 

Mr.  Pieron,  French  Northern  Railway.  (In  French.)  —  I  apologise  for  rising  just 
when  the  time  for  lunch  has  arrived  for  most  of  us,  but,  if  you  will  permit  me, 
I  should  like  to  allude  briefly  to  some  lines  that  have  not  been  mentioned  so  far, 
namely  some  lines  of  local  interest,  mostly  in  France.  Oi  these  the  Northern 
Company,  which  1  have  the  honour  of  representing,  owns  a  good  many,  amounting 
to  some  i,000  kilometres  (620  miles)  in  length.  These  lines  were  built  to  serve 
districts  with  comparatively  little  traffic  to  offer,  but  still  they  serve  quite  respectable 
interests  and  act  as  feeders  to  the  main  lines. 

It  is  obviously  essential  that  these  local  lines  should  have  special  provisions  and 
so  it  is  necessary  to  make  the  rates  as  elastic  as  possible  so  as  to  respect  the  interests 
of  the  small  companies  at  the  same  time  as  those  of  the  great  companies.  This  is 
the  only  remark  I  have  to  make  and  it  bears  out  the  notion  that  in  the  matter  of 
j'ates  everyone  must  look  after  his  own  interests,  after  the  interests  of  trade  of  course, 
of  industry  and  of  the  companies  themselves. 

The  President.  (In  French.)  —  As  the  lunch  hour  is  at  hand,  we  might  now  close 
the  discussion. 

From  the  discussion  that  has  taken  place,  I  gather  that  everyone  agrees  that 
rates  ought  to  be,  above  all,  commercial  rates,  in  the  interests  not  only  of  the  carrier 
but  also  of  the  public  and  so  fixed  as  to  allow  railways  to  render  the  community  the 
utmost  service  possible  by  meeting  the  needs  of  commerce  however  variable  they 
may  be.  We  might,  if  you  like,  summarize  this  view  in  a  conclusion  which  I  am 
going  to  submit  to  you  in  French  and  in  English  : 

"^  Tariffs  should  be  based  on  commercial  principles  taking  into  account  the  special 
conditions  which  bear  upon  the  commercial  value  of  the  services  rendered. 
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^  With  the  reservation  that  rates  shall  be  chained  without  arbitrary  discrimina- 
tion to  all  shippers  alike  under  like  conditions,  the  making  of  rates  should,  as  far  as 
possible,  have  all  the  elasticity  necessary  to  permit  the  development  of  the  traffic 
and  to  produce  the  most  beneficial  results  to  the  public  and  to  the  railroads  them- 
selves. " 

—  These  conclusions  were  adopted. 

—  The  meeting  then  adjourned. 
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Meetingp  held   on  May  11,   1905  (afternoon). 

Mr.  Stuyvesant  FISH,  president,  in  the  chair. 

General    secretary   :    Mr.  L.  WEISSENBRUCH. 

Associate  general  secretary  :  Mr.  W.  F.  ALLEN. 

The  President  read  the 

Report  of  the  4**  section. 

(See  the  Daily  Journal  of  the  session,  No.  5,  p.  87,  and  No.  7,  p.  129.) 

"  The  President  called  attention  to  the  necessity  of  confining  the  discussion  to 
general  principles.  As  to  the  description  of  systems  of  freight  rates  in  different 
countries,  the  reports  furnished  interesting  information,  the  examination  of  which 
in  detail  it  would  be  difficult  to  consider  during  the  discussion. 

"  Mr.  Lewis  Wood  [Railway  Clearing  Home,  Great  Britain),  in  place  of  Mr.  Harry 
Smart,  reporter  for  England,  stated  that  all  th6  railroad  companies  of  the  United 
Kingdom  of  Great  Britain  and  Ireland  were  created  by  Act  of  Parliament  which  fixed 
the  maximum  freight  charges  which  the  companies  might  make  for  transportation. 
The  tarifts  which  companies  were  previously  authorized  to  establish,  were  not 
uniform  because  of  the  different  acts  under  which  they  were  organized.  As  classi- 
fications of  merchandise  were  relatively  few  in  number,  many  incongruities  resulted. 
In  1881,  the  House  of  Commons  appointed  a  special  commission  to  make  an  investi- 
gation regarding  the  traffic  of  railroads  and  canals.  This  inquiry  resulted  at  first 
in  the  Railways  and  Canals  Traffic  Act  of  1888,  and  then  as  a  result  of  new  petitions 
and  suggestions  from  the  companies,  in  the  Laws  of  the  Railway  (Rates  and  Charges) 
Order,  Confirmation  Acts  of  1891  and  1892.  These  acts  established,  firstly,  a 
general  classification  of  the  various  classes  of  freight;  secondly,  the  maximum  limit 
of  supplementary  charges;  thirdly,  the  maximum  rate  ot  transportation  per  ton-mile 
for  each  class. 
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"  In  addition  to  the  oflBcial  classification,  the  companies  have  deemed  it  useful  to 
publish  a  working  classification  corresponding  to  the  charges  actually  made.  Also 
with  a  view  of  encouraging  the  development  of  business,  the  companies  have  made 
special  rates  lower  than  the  regular  taritf,  based  on  the  earnings  per  car-mile  and 
terminal  expenses. 

*  In  some  cases,  tariffs  have  been  especially  reduced  for  large  movements  of 
freight  between  given  points  during  a  certain  period. 

"  In  making  any  special  rates,  the  companies  are  not  permitted  to  discriminate 
between  shippers.  No  distinction  is  made  in  the  tarifis  as  regards  the  time  within 
which  the  goods  are  to  be  delivered,  but  for  many  articles,  lower  rates  are  made  for 
special  conditions  which  relieve  the  operating  companies  from  responsibility  as  to 
losses,  damages,  mis-delivery,  delay  or  detention,  except  in  the  case  of  negligence  on 
the  part  of  the  railroad. 

"  The  tariffs  are  submitted  to  the  Board  of  Trade,  which  settles  by  arbitration  any 
disagreement  between  the  companies  and  the  public,  but  it  has  no  right  either  to  fix 
or  to  modify  tariffs. 

"  Mr.  Mange  (Orleans  Railway)  then  presented  an  abstract  of  the  report  by  Mr.  Van 
OvERBEEK  DE  Meyer  (Nctherland  State  Railways)  for  all  countries  except  America, 
England,  Spain,  Portugal,  Francx*,  Italy  and  Belgium. 

^  The  report  of  Mr.  Van  Overbeek  de  Meyer  contains  very  interesting  information 
on  the  freight  rates  of  all  the  countries  to  which  it  refers,  especially  those  of 
Germany,  which  not  only  take  into  account  the  value  of  each  article,  but  also  the 
commercial  value  of  the  service  rendered,  as  well  as  the  various  requirements  ot 
industries  due  to  their  location  and  the  importance  of  the  traffic  which  they  supply. 
On  these  principles,  the  German  system  groups  the  articles  in  tariffs  for  broken  lots 
and  in  tariffs  for  carloads.  There  exist  besides  special  tariffs  for  exceptional  cases, 
as,  for  instance,  to  compete  with  waterways  or  foreign  railways,  to  help  certain 
national  industries,  or  to  encourage  exports  or  imports,  etc. 

'^  As  a  whole,  for  all  countries  considered,  the  fundamental  system  is  a  mixed 
system,  based  in  part  on  the  value  and  in  part  on  the  weight  and  bulk  of  the  mer- 
chandise. The  determining  consideration  is  always  that  of  the  commercial  value  ol 
the  service  rendered,  taking  into  account  the  actual  value  of  the  material  as  well  as 
any  special  considerations,  such  as  competition  with  waterways,  etc. 

"  As  to  the  relations  of  the  management  of  the*  railroads  with  their  governments, 
tariffs  are  in  general  first  submitted  for  approval  except  some  tariffs  which  apply  to 
certain  classes  of  merchandise  under  special  conditions. 

"  The  reporter  considered  whether  it  would  be  possible  to  create,  for  different 
countries,  a  uniform  system  of  freight  charges,  so  as  to  have  a  single  organization 
like  the  Convention  of  Berne.  While  in  principle  disposed  to  reply  affirmatively  to 
this  question,  the  reporter  concludes  that  there  is  too  much  difference  between  the 
conditions  and  the  special  needs  of  the  various  systems  in  different  countries  for  it 
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to  be  practicable  to  establish  uniform  regulations  which  would  apply  to  all  coun- 
tries; still  more  so,  since  no  railroad  could  change  the  present  system  without 
affecting  the  national  interests  which  it  serves. 

"  The  third  report  presented  to  the  section,  was  that  of  Mr.  Mange  for  France, 
Belgium,  Italy,  Spain  and  Portugal. 

"  Mr.  Mange  stated  that  the  rate  should  be  between  two  limits  :  Firstly,  the  com- 
mercial value  of  the  service  rendered  by  the  carrier,  which  constitutes  the  highest 
limit  which  the  public  can  be  asked  to  pay;  secondly,  the  actual  cost  of  transporta- 
tion. The  latter,  that  is,  the  cost  of  transportation,  may  be  considered  from  two 
different  standpoints,  either  as  an  average  cost,  that  is,  the  ratio  of  the  total  expenses 
of  operation  (and  interest  charges  on  the  capital)  to  the  total  traffic,  or,  as  the  actual 
cost  of  transporting  any  particular  article.  The  latter  is  generally  lower  than  the 
average  cost,  because  it  only  includes  the  operating  expenses  which  this  special 
movement  requires,  the  interest  charges  on  the  capital  and  certain  fixed  expenses  of 
operation  having  already  been  covered  by  other  traffic.  The  tariffs  may  establish 
rates  between  these  two  limits.  When  the  rates  are  decreased,  they  increase  the 
traffic  and  at  first  the  receipts  too;  but  the  receipts  attain  a  maximum  and  then 
decrease  by  degrees  to  zero  when  the  tariff  disappears.  On  the  contrary,  the  expense 
increases  more  or  less  slowly,  but  constantly  with  the  tonnage.  It  follows,  there- 
fore, that  a  rate  can  be  found  at  which  the  profit  —  the  difference  between  the 
receipts  and  the  expenses  —  is  greatest,  and  this  is  the  rate  which  the  operator, 
acting  commercially,  should  try  to  realize.  It  is  generally  well  below  the  limit 
above  which  the  tariff  ceases  to  be  prohibitive,  and  because  of  this,  the  expression 
"  what  the  traffic  can  bear  "  has  been  misinterpreted.  The  latter  sentence  does  not 
mean  a  price  immediately  below  that  at  which  no  transportation  could  take  place, 
but  such  a  price  as  would  develop  the  traffic  to  a  degree  allowing  the  greatest  profit 
to  the  operator. 

"  In  practice,  the  determination  of  the  tariff  allowing  the  maximum  benefit  is 
impossible  because  of  the  complex  character  of  the  problem.  The  commercial 
value  of  the  service  rendered  it  constantly  changing,  as  the  centres  of  production 
■and  consumption  react  upon  each  other.  The  law  of  increasing  the  traffic  in  pro- 
portion to  lowering  the  tariff,  is  not  known  in  advance.  Finally,  the  cost  of  trans- 
portation itself  cannot  be  determined  except  approximately.  We  are,  therefore, 
compelled  to  adhere  to  less  theoretical  considerations,  and  to  base  the  freight  charges 
on  more  simple  data,  but  all  these  considerations  show  that  the  establishment  of 
a  tariff  system  is  not  a  question  which  can  be  solved  by  formulae,  but  that  it  forms 
a  problem  requiring  the  greatest  commercial  ability  and  careful  study  in  each  case, 

"  Proceeding  next  to  the  examination  of  the  various  principles  on  which  the 
systems  of  freight  charges  are  based,  the  reporter  stated  that  on  private  systems  the 
statutory  powers  contain,  as  a  rule,  maximum  tariff  charges,  which  in  the  interest 
of  simplicity  were  based  on  a  general  classification  of  merchandise  according  of 
value  and  length  of  haul.     Below  these  maxima,  the  operating  administration  has  a 
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right  to  make  such  reductions  as  it  considers  desirable,  on  the  condition  that  the 
maximum  fixed  by  the  statute  is  respected. 

"  The  necessity  for  acquiring  competitive  traffic  from  pre-existing  means  of  trans- 
portation, such  as  vehicle  traffic  and  shipping,  has  led  them  in  general  to  make 
tariffs  in  the  same  way  as  those  in  use  on  competing  lines,  that  is,  by  means  of  rates 
based  on  the  commercial  value  of  the  service  rendered. 

"  The  Stale  of  Belgium,  on  the  contrary,  had  from  the  beginning  a  tariff  system 
based  more  specially  on  the  cost  price,  which  gave  a  uniform  price  per  car  per  kilo- 
metre, without  regard  to  the  value  of  the  merchandise  and  the  direction  in  which  it 
was  carried.  This  uniformity  can  also  be  explained  by  the  fact  that  the  system  of 
the  Belgian  roads  was  competing  on  all  its  lines  with  water  transportation,  from 
which  it  follows  that  it  required  the  same  uniform  reduction  in  charges  which  had 
to  approximate  the  cost  of  transportation.  Similarly,  the  majority  of  the  systems 
in  all  other  countries  have  been  compelled  by  various  considerations  to  reduce  their 
charges  to  approximately  the  cost  price  and  to  reduce  this  cost  price  by  taking 
advantage  of  special  conditions,  such  as  :  i^  the  tonnage  of  the  material  shipped, 
making  allowance  for  transportation  by  car  load  lots;  2**  the  length  of  haul  esta- 
blishing differential  tariffs;  3^  making  the  public  do  the  accessory  operations 
(loading,  unloading,  clerical  charges),  building  private  sidings,  reducing  the  delays 
in  unloading,  use  of  special  cars,  etc.;  4°  decreasing  the  responsibility  of  the  carrier; 
5^  in  some  special  cases  the  establishment  of  improved  physiciil  con<litions  of  the 
line,  especially  reduction  in  grades. 

*^  But  if  it  is  correct  to  take  into  account  these  considerations  in  fixing  the  freight 
charges,  they  cannot  serve  as  an  exclusive  basis  for  a  tariff  system.  The  shippers 
are  inclined  to  pay  for  transportation  what  it  is  worth  to  them,  and  not  what  it  costs 
to  the  carrier.  Moreover,  the  cost  price  of  each  shipment  cannot  be  determined,  ' 
so  that  only  an  average  cost  price  could  be  used,  which  would  lead  to  an  arbitrary 
basis  having  no  real  relation  to  the  service  rendered  in  each  case.  Finally,  the 
system  would  lead  either  to  very  high  charges  for  merchandise  of  small  value,  or  to 
such  low  charges  as  would  result  in  losses  to  the  carrier. 

"  In  fact,  the  railroads  which,  like  those  of  Belgium  and  Germany,  were  in  favour 
of  a  very  simple  tariff  system,  chiefly  based  on  the  cost  price,  have  been  led  to 
depart  from  it  gradually  through  modifying  their  tariffs  according  to  the  commercial 
value  of  the  service  rendered. 

"  The  private  systems,  on  the  contrary,  which  began  their  tariflT  systems 
exclusively  on  constant  units,  have  replaced  them  progressively  in  most  cases  by  the 
ton-mile  scale;  while  recognizing  that  this  tendency  is  favourable  to  clearness  and 
simplicity  in  tariff  systems,  it  should  not  be  forgotten  that  to  develop  the  traffic, 
which  is  the  final  aim  to  be  attained,  the  ton  mile  scale  does  not  always  have  a 
sufficient  elasticity  and  we  are  often  compelled  to  fix  rates  in  special  cases  where 
they  are  necessary,  either  to  create  a  traffic  which  would  otherwise  not  exist,  or  to 
enable  the  railroad  to  acquire  its  share  of  a  business  which  would  otherwise  be 
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handled  by  other  lines.  In  this  respect,  Mr.  Mange  quoted  as  an  interesting  example 
a  fact  pointed  out  by  Mr.  J.  J.  Hill,  president  of  the  Great  Northern  Railway,  in  the 
statement  which  he  recently  made  before  the  American  Senate  on  the  question  of 
tariff  legislation.  Mr.  J.  J.  Hill  stated  that  he  has  made  for  the  carrying  of  timber 
coming  from  the  Pacific  coast  a  reduction  in  rates  which  involved  a  loss  at  the 
beginning,  but  owing  to  the  development  of  the  traflBc  caused  by  this  reduction, 
the  cost  of  transportation  itself  has  sufficiently  decreased  so  that  the  rate  now  yields 
a  profit. 

"  It  is  certainly  important  that  the  public  authorities  should  see  that  the  railroads 
do  not  become  an  instrument  of  favour  or  oppression,  do  not  create  what  is  known 
in  England  and  America  as  "  undue  preferences,  "  but  with  this  limitation,  it  is  to 
the  general  interest  to  leave  to  the  management  a  certain  latitude  in  establishing 
freight  charges  so  that  they  should  be  able  to  develop  traffic  and  attain  the  most 
beneficial  results. 

"  On  the  invitation  of  the  President,  Mr.  T.  J.  Hudson  (Illinois  Central  Railroad) 
submitted  to  the  section  interesting  information  on  the  rules  which  control  the 
establishment  of  freight  charges  on  the  railroads  of  the  United  States. 

"  Mr.  T.  J.  Hudson  concluded  from  the  reading  of  Mr.  Harry  Smart's  report  that 
the  principles  applicable  in  England  are  the  same  as  those  which  control  the  esta- 
blishment of  freight  charges  in  the  United  States,  but  what  especially  characterizes 
the  freight  charges  of  the  United  States,  is  very  great  flexibility  due  to  the  commer- 
cial and  industrial  conditions. 

"  There  are  two  sorts  of  tariffs  :  1**  the  general  tariff,  which  is  relatively  fixed ; 
2^  the  tariffs  for  special  shipments  (such  as  commodity  tariffs),  which  are  intended 
for  great  volumes  of  traffic,  especially  for  the  need  of  great  industries,  which 
explains  why  they  are  so  changeable.  Coal,  metals,  timber,  etc.,  take  an  except- 
ionally low  rate. 

"  Moreover,  questions  of  competition,  as  well  as  of  expoil,  enter  sufficiently  to 
warrant  exceptionally  low  charges. 

"  Freight  tariffs  are  regulated  by  the  Interstate  Commerce  Commission,  which 
requires  their  publication  and  which  also  intervenes  in  disagreements  between  the 
railroads  and  the  public,  leaving,  of  course,  appeal  to  the  courts. 

"  Mr.  Stuyvesant  Fish  [Illinois  Central  Railroad)  confirmed  the  iniormation  fur- 
nished by  Mr.  T.  J.  Hudson  and  added  that  for  the  last  eighteen  years,  during  which 
the  Interstate  Commerce  Commission  has  existed,  there  have  been  very  few  deci- 
sions against  the  companies. 

"  Mr.  T.  H.  Rendell  (Great  Western  Railway  of  England)  asked  to  be  informed 
as  to  the  mode  of  procedure  in  the  United  States,  in  cases  such  as  are  frequently  met 
with  in  England  where,  with  a  great  extent  of  coast,  in  order  to  meet  the  competi- 
tion with  water  traffic,  the  railroads  often  find  it  to  their  interest  to  fix  the  tariff  so 
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that  it  will  be  lower  between  two  points,  A  and  C,  than  the  tariff  between  A  and  B, 
the  latter  being  situated  between  A  and  C.  The  obligation  which  the  roads  have 
in  England  not  to  allow  any  preference,  is  an  obstacle  to  a  reduction  of  the  tariif  in 
such  cases,  while  at  the  same  time,  the  railroads  might  have  an  interest  to  do  so  in 
the  case  referred  to,  but  are  afraid  of  the  intervention  of  the  authorities  controlling 
the  tariffs. 

"  Answering  thi^  question,  Mr.  Stuyvesant  Fish  replied  that  the  American  method 
is  more  liberal.  Here  inequalities  of  treatment  are  also  prohibited,  and  it  is,  the- 
refore, not  possible  to  make  higher  charges  from  A  to  B  than  from  A  to  C  by  the 
route  passing  through  B  under  substantially  similar  conditions,  but  if  the  conditions 
are  different  there  is  nothing  in  principle  which  would  prevent  the  rate  between  A 
and  C  being  lower. 

"  Mr.  G.  Le  Grain  {French  State  Railways),  returning  to  the  report  of  Mr.  Mange, 
expressed  his  fear  that  the  feature  of  service  to  the  public  which  every  railroad 
enterprise  involves,  has  not  sufficiently  been  brought  out.  Service  to  the  public 
means  equal  treatment;  that  is  a  feature  which  nobody  questions  and  which  is  a 
factor  in  establishing  tariffs  as  well  as  the  commercial  value  of  the  services  rendered 
which  had  been  the  predominating  idea  in  the  reports  presented  here. 

•^  Mr.  William  A.  Dring  (East  Indian  Railway)  drew  an  interesting  picture  of  rail- 
way management  in  India.  The  railways  are,  in  the  main,  the  property  of  the  govern- 
ment, and  operated  either  directly  by  the  government  or  by  companies.  In  either 
case,  the  government,  with  a  view  to  securing  returns  from  its  investments,  has  esta- 
blished minimum  tariffs  as  well  as  maximum  tariffs.  Since  these  minimum  tariffs 
were  put  into  effect,  some  fifteen  years  ago,  working  conditions  have  been  greatly 
changed,  both  as  regards  increased  volume  of  traffic  and  reduction  of  operating 
expenses.  Labor  and  coal  are  very  cheap;  the  gradients  of  lines  are  also  very 
favourable;  for  all  these  reasons,  it  has  been  possible  to  lower  tariffs  gradually  until 
in  certain  cases,  the  minimum  rates  have  been  reached;  and  the  result  to-day  is  that 
these  minimum  rates  are  becoming  a  disadvantage  in  certain  cases.  Consequently, 
the  operating  companies  have  had  to  consider  the  question  of  lowering  these 
minimum  rates  or  preferably  of  withdrawing  them  altogether. 

"  Replying  to  inquiries  on  this  point,  Mr.  W.  A.  Dring  confirmed  the  fact  that 
applications  for  the  lowering  of  the  minimum  rates  have  been  made  to  the  govern- 
ment, which  has  refused  to  allow  them.  In  some  cases,  earnings  from  capital 
invested  have  risen  to  7  or  8  per  cent. 

"  Mr.  James  Pickering  (South  Australia  Government  Railways),  and  Mr.  Hugh 
McLachlan  (New  South  Wales  Government  Railways)  made  an  interesting  report  on 
tariff  making  in  Australia,  which  on  the  main  lines  is  very  similar  to  that  in  other 
countries.    There  is  the  regular  tariff  rate  and  special  tariffs,  which  are  adapted  to 


Digitized  by 


Google 


—  1740  - 

circumstances,  with  the  condition  of  no  favoritism  and  the  requirement  of  formal 
publication. 

"  Railways  in  Australia  are  built  like  those  in  India,  and  the  government,  which 
furnishes  the  capital,  requires  a  revenue  of  3  ^/j  per  cent,  in  addition  to  which  any 
increase  in  earnings  is  applied  to  the  reduction  of  tariff  rates.  On  the  other  hand, 
if  this  revenue  is  not  earned,  as  was  the  case  in  1904,  owing  to  an  exceptionally 
heavy  drought,  tariffs  are  raised. 

^  Referring  to  this  statement,  Mr.  Stuyvesant  Fish  remarked  that  an  increase  of 
tariff  rates  ought  not  to  be  considered  a  profitable  transaction  for  railways,  when  the 
economic  situation  of  the  country  is  in  a  state  of  depression.  It  would  appear,  on  the 
contrary,  that  it  would  be  to  the  interest  of  the  railway  to  assist  in  the  revival  of 
business  by  lowering  its  rates.  The  difficult  part  is  after  hard  times  are  over,  to 
restore  the  rates  in  force  before  the  period  of  depression. 

"  Mr.  PifiRON  (French  Northern  Railway)  expressed  the  opinion  that  lines  of  only 
local  importance  should  not  be  required  to  observe  such  strict  rules  as  lines  of  larger 
interest  in  the  matter  of  tariff  making. 

"  The  discussion  was  closed  and  the  following  resolution  was  unanimously 
adopted.  " 

The  President.  —  The  following  are  the 

GONCLUSIONS. 

*^  Tariffs  should  be  based  on  commercial  principles  taking  into  account  the  special 
"  conditions  which  bear  upon  the  commercial  value  of  tKe  services  rendered. 

"  With  the  reservation  that  rates  shall  be  charged  without  arbitrary  discrimina- 
^  tion  to  all  shippers  alike  under  like  conditions,  the  making  of  rates  should,  as  far 
^  as  possible,  have  all  the  elasticity  necessary  to  permit  the  development  of  the 
•*  traffic  and  to  produce  the  most  beneficial  results  to  the  public  and  to  the  railroads 
"  themselves.  " 

—  These  conclusions  were  adopted  by  the  general  meeting. 
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APPENDIX 


Note  on  the  freight  rates  on  the  Indian  railTvays, 


By  William  A.  DRING, 

GBNERAL  TRAFFIC  MANAGER,  BAST  INDIAN  RAILWAY. 


1 .  Indian  ndlwftyt  the  property  of  the  State.  —  Treating  generally  of  the  railways  in  India,  they 
are  the  property  of  the  State,  and  are  worked  either  directly  by  the  State,  or  by  companies 
constituted  for  that  purpose,  which  administer  the  lines  under  contract  with  the  secretary  of 
State  for  India,  who  retains  large  powers  of  control.  These  companies  receive  remuneration  for 
their  services,  by  means  of  a  division  of  the  net  profits  after  payment  of  the  working  expenses, 
and  the  interest  charges  on  the  capital  expenditure,  the  government  reserving  to  itself  the  lion's 
share.  Thus  in  the  case  of  the  most  prosperous  railway  worked  by  a  company,  out  of  net  or 
surplus  profits  for  a  year  amounting  to  £1,400,000,  the  State  received  £1,260,000  and  the  com- 
pany the  balance  of  £140,000. 

2.  Ohief  featares  of  Indian  lines.  —  The  following  particulars  for  the  railways  in  India  during 
the  year  1903  are  given  in  the  form  adopted  by  Mr.  Harry  Smart,  secretary  of  the  Railway  Clear- 
ing House,  in  his  paper  on  slow  freight  rates  in  the  United  Kingdom.  The  year  taken  is  1903, 
the  figures  for  1904  not  being  complete  : 

a)  Length  of  railways  worked 26,955  miles. 

b)  Receipts  per  mile £891. 

c)  Cost  per  mile  of  maintenance  of  way,  works,  etc £  100. 

d)  Expenditure  of  all  kinds  per  mile £424. 

e)  Proportion  per  cent  of  expenses  to  receipts 47*5. 

The  receipts  from  coaching  traffic  are  about  one-third  of  the  whole,  and  from  merchandise  and 
mineral  traffic,  taken  together,  about  two-thirds.  The  total  weight  carried  of  merchandise  and 
coal,  including  stores  for  consumption  on  the  several  railways,  was  47,684,000  tons,  and  the 
average  distance  per  consignment  carried,  or  the  average  lead  of  the  traffic  as  a  whole,  was 
160  miles. 

It  should  be  stated  that  in  the  year  1904  there  was  a  great  advance  in  the  prosperity  of  Indian 
railways,  and  it  is  estimated  that  when  the  detailed  figures  of  working  are  published,  they  will 
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shew  in  gross  receipts  au  advance  over  1903  of  not  less  than  10  per  cent  with  a  reduction  in  the 
proportion  per  cent  of  expenses  to  receipts. 

This  prosperity  has  enabled  the  State  to  develope  its  programme  for  the  enlargement  of  the 
railway  system  in  India,  and  the  improved  equipment  of  existing  lines. 

The  greatest  average  construction  of  railways  in  India  per  annum  was  during  the  first  Vice- 
royalty  of  His  Excellency  Lord  Curzon  from  1899  to  1903,  when  the  average  actual  mileage 
opened  per  annum  was  as  nearly  as  possible  1,000  miles.  During  the  last  year  of  the  series  it 
was  arranged  to  construct  over  1,250  miles. 

3.  Control  by  government  over  rates.  —  The  initial  control  exercised  by  the  government  of 

India  over  rates  for  the  carriage  of  merchandise  and  coal,  is  by  means  of  a  scale  laying  down  the 

maximum  and  the  minimum  rates  which  may  be  charged  for  the  various  conunodities.   The  scale 

may  be  summarized  as  follows,  it  being  premised  that  1  pie  equals  Vi2  of  a  penny,  and  a  maund 

Vf8  of  a  ton  of  2,240  lb. 

Maximum.  Minimum. 

Pie  per  maund  Pie  per  mauud 

; pence  (pence 

per  English  ton)  per  English  ton) 

per  mile.  per  mile. 
Coal,  wheat,  other  grain,  oil-seeds,  jute,  salt  and  other 

articles  of  low  value,  iron Vs  (0*7T7) 

Ordinary  commodities Between  '/g  and  1 

(between  0-7T7  and  2*333) 

There  are  powers  allowing  special  treatment  of  articles  of  exceptional  bulk  in  regard  to  weight, 
such  as  loose  cotton,  heavy  articles  such  as  boilers,  and  articles  of  exceptional  value,  such  as 
specie  or  bullion. 

The  highest  charge  allowed  is  therefore  «8/i8,  or  2  Vs  pence  per  ton-mile  of  2,240  lb.,  and 
the  lowest  */io  of  this  amount,  or  0*233  of  a  penny,  somewhat  less  than  1  farthing  per  ton-mile. 
The  average  actual  charge  made  in  1903  on  the  total  merchandise  and  coal  traffic  of  all  Indian 
railways,  taken  together,  was  0*47  penny  per  mile  per  ton  of  2,240  lb.  or  0*41  penny  per  mile 
per  ton  of  2,000  lb. 

4.  Standard  olassification.  —  Confined  within  the  maximum  and  minimum  charges,  there  are 
separate  standard  classifications  for  ordinary  merchandise  and  for  coal.  With  regard  to  the  great 
majority  of  ordinary  items  of  merchandise,  there  is  uniformity  of  classification  on  the  different 
railway  systems,  but  for  raw  agricultural  products,  salt,  iron,  gunny,  kerosene  oil,  etc.,  forming 
the  bulk  of  the  ordinary  merchandise  traffic,  each  principal  system  has  its  own  scale. 

Ordinary  merchandise.  —  The  standard  classification  for  ordinary  merchandise  has  remained 
unaltered  for  a  number  of  years,  the  requirements  arising  from  time  to  time  for  reduction  in 
charges  having  been  met  by  the  quotation  of  special,  or  station  to  station,  rates,  always  within 
the  limits  laid  down  by  the  government  of  India.  The  scale  of  charge  to  the  consignor  is  in 
this  way  being  constantly  reduced. 

For  ordinary  commodities  there  is  no  differential  treatment  or  lowering  of  rates  as  the  mileage 
is  increased.  With  agricultural*  produce  and  other  articles  of  low  value,  this  treatment  is 
adopted.  The  following  standard  classification  in  force  on  the  Ej^st  Indian  Railway,  which 
carries  a  heavier  traffic  than  any  other  line  in  India,  may  be  taken  as  to  **  special  "  class  (prin- 
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cipally  agricultural  produce)  goods  as  applying  approximately  throughout  the  trunk  lines  of 
India,  and  as  to  ordinary  commodities,  as  actually  so  applying. 

Special  glass  : 

For  first  100  miles 0*3333  pie  per  maund  (0*777c?.  per  English  ton)  per  mile. 

For  extra  distances  above  100  up  to  450      .0*17  —  (0*397d.  .—  )        — 

_  —         _    450  miles     .     .       0-12  —  (0*280(f.  —  )       — 

Ordinary  commodities  :  j2^^  . 

1«*  class V3  pi«  per  maund  (0'777d.  per  English  ton)  per  mile. 

2nd  — 1/2  _  a'i66d.  —  )        — 

3«i  — s/3  —  (l-554d.  —  )        — 

4th   — .     .  -Ve  —  (l-944d.  —  )        — 

5*11    — 1  _  (2-333d.  —  )        — 

The  commodities  included  in  higher  classes  than  the  second  which  pays  as  nearly  as  possible 
1  penny  per  ton-mile  of  2,000  lb.  form  a  very  small  proportion  of  the  whole  traflfic. 

The  rates  given  in  the  ordinary  commodity  schedule  are  the  highest  allowed  by  the  government 
control,  for  each  class.  The  reductions  below  the  respective  scales,  within  the  government 
minimum  of  */«  pie  per  maund  (0'388rf.  per  English  ton)  per  mile,  are  generally  speaking  by 
means  of  station  to  station  quotations. 

5.  Tenninals.  —  Terminals  may  be  added  varying  between,  say,  7  pence  and  half  a  crown  per 
ton,  the  average  probably  being  between  1  shilling  and  1  shilling  6  pence.  These  terminals  are, 
however,  frequently  remitted,  especially  in  the  case  of  traffic  carried  over  considerable  distances. 
For  the  terminal  charge  made,  loading  and  unloading  are  performed  by  the  railway ;  but  there 
is  no  cartage  or  other  delivery  off  the  premises,  except  in  a  few  isolated  cases,  consignors  and 
consignees  being  left  to  perform  these  services  themselves. 

6.  Alterations  in  rates.  —  In  addition  to  the  control  exercised  by  government  by  means  of 
maximum  and  minimum  rates,  the  power  is  retained  of  ordering  specific  quotations  if  considered 
to  be  required  —  though  such  power  has  not  in  the  experience  of  the  writer  been  ever  used;  — 
and  alterations  in  rates  are  scrutinized  by  government  officers  at  the  head  quarters  of  the  several 
lines.  Every  change  in  charge  must  be  included  in  a  statement  submitted  monthly  for  scrutiny; 
and  permission  must  be  obtained  from  the  local  government  controlling  officer  before  transfer 
of  an  item  from  one  classification  to  another.  Every  authorized  charge  is  included  in  a  printed 
rate  book,  and  invoices  are  checked  by  the  accounts  department.  An  invoiced  rate  not  given  in 
the  rate  book  is  objected  to,  and  for  each  alteration  in  the  rate  book  or  tariff  authority  must  be 
shewn.  At  the  present  time,  there  is  indication  of  a  relaxation  of  the  control  exercised  in  the 
matter  of  rates;  but  it  seems  probable  that  the  working  companies  when  proposing  changes  of 
great  importance  will,  even  though  they  may  be  acting  within  their  powers  as  governed  by  the 
standard  of  maximum  and  minimum  rates,  ascertain,  before  introducing  the  changes,  the  views 
of  government  as  the  predominant  partner  in  the  undertakings  placed  in  companies'  charge. 

7.  Liability.  —  Railways  in  India  as  to  liability  are  not  common  carriers,  but  bailees  for  hire. 
They  are  required  to  take  the  same  amount  of  care  of  goods  entrusted  to  them  for  carriage  as  a 
man  of  ordinary  prudence  would  take  of  his  own  property.     They  are  further  allowed  to  relieve 
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themselves  of  this  liabilitj  by  the  quotation  of  reduced  rates  at  owner's  risk,  and  if  these  reduced 
rates  are  accepted  by  the  consignor,  the  railway  is  freed  from  all  responsibility  from  whatever 
cause  arising,  even  though  that  cause  may  be  the  proved  neglect  or  dishonesty  of  the  servants  of 
the  railway.  There  has  been  some  comment  on  the  extent  to  which  freedom  from  liability  is 
carried.  Certain  articles  of  special  value,  such  as  those  of  which  gold  or  silver  forms  part,  and 
Cashmere  shawls,  are  ••  excepted,"  that  is,  the  railway  incurs  no  liability  for  their  loss  or  damage. 

8.  Reduced  rates  for  wagon  loads.  —  In  India,  special  attention  is  paid  to  the  securing  of  good 
wagon  loads.  The  carrying  capacity  of  wagons  is  higher  than  on  English  lines,  the  standard 
gross  load  of  four-wheeled  wagons  constructed  during  the  last  ten  years  being  for  the  broad 
gauge  (5  ft.  6  in.)  24  tons,  of  which  the  net  load  is  16  or  17  tons.  Certain  railways  are  now 
increasing  the  load  of  four- wheeled  wagons  to  28  tons,  of  which  the  net  load  is  20  tons.  In 
order  to  make  full  use  of  the  individual  wagon  capacity,  the  practice  is  growing  of  offering 
reduced  rates  for  consignments  of  weights  suited  to  the  wagon  capacity.  The  Calcutta  export 
trade  in  wheat  and  seeds  was  till  a  year  ago  carried  in  multiples  of  25  tons,  each  consignment 
taking  two  wagons;  but  the  offer  of  a  reduced  rate  by  about  6  per  cent  for  30  ton  lots  has  been 
quite  successful,  and  at  the  present  time,  the  two  wagons  which  formerly  carried  25  tons  are 
taking  30  tons,  and  the  reduction  of  6  per  cent  in  charge  has  brought  an  increase  of  20  per  cent 
on  the  wagon  load.  For  1903,  the  average  load  of  a  loaded  goods  vehicle,  on  principal  railways 
varied  between  7  and  9  tons,  excluding  mineral  traffic  of  which  the  average  load  is  considerably 
greater.  Taking  into  consideration  empty  running,  the  average  load  varied  between  5  and 
6  Vi  tons. 

With  the  same  object  of  inducing  full  use  of  the  wagon  capacity,  charges  are  quoted  per  wagon 
load  of  a  particular  commodity ,  the  consignor  gaining  an  advantage  as  compared  with  maund  rates 
if  he  puts  in  a  good  load.  This  principle  has  not  so  far  been  applied  to  wagons  with  mixed  loads 
of  different  commodities,  where  a  middle-man  steps  in  and  shares  with  the  consignor  the  advan- 
tage of  reduced  freight  charges. 

9.  Group  rates.  —  Group  rates  for  the  principal  commodities  are  coming  into  favour  in  India. 
Although  there  are  exceptions  of  great  importance,  there  is  general  acceptance  of  the  * '  differ- 
ential rates,  "  under  which  on  the  same  length  of  line,  the  charge  for  the  lesser  distance  shall  not 
exceed  that  for  the  greater. 

10.  Coal.  —  The  charges  for  the  carriage  of  coal  have  received  special  attention,  and  during 
the  last  fifteen  years  there  have  been  two  reductions  in  the  scale  of  rates,  of  great  importance. 
Before  the  first  reduction,  British  coal  was  imported  into  Calcutta  in  considerable  quantities, 
although  coal  of  good  quality  was  being  raised  at  collieries,  having  direct  railway  conmiunication 
situated  within  130  miles  of  Calcutta,  while  all  other  ports  were  supplied  exclusively  with  British 
or  foreign  coal.  The  export  of  coal  from  Calcutta  was  unknown.  At  the  present  time,  practically 
all  the  coal  consumed  in  India  is  mined  in  India,  and  large  exports  are  made  to  Colombo,  Singa- 
pore, and  other  external  ports.  Excluding  bunker  coal,  there  were  shipped  from  Calcutta 
in  1904  over  2  million  tons  of  coal. 

The  principal  collieries  are  situated  on  the  line  of  rail  at  an  average  distance  of  about  150  miles 
from  Calcutta.  These  collieries  in  addition  to  sending  to  the  port,  consign  coal  over  long 
distances  to  the  interior,  at  present  principally  for  railway  consumption.  Probably  more  than 
^/4  million  of  tons  are  sent  over  distances  exceeding  1 ,000  miles. 
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The  collieries  so  far  opened  out  in  India,  other  tlian  those  near  to  Calcutta,  are  not  of  very  great 
importance,  the  raising  for  1903  haying  been  about  1  million  tons  only. 

The  first  of  the  two  reductions  referred  to  in  the  opening  portion  of  this  paragraph  having 

proved  most  successful  in  establishing  an  altogether  new  trade,  the  second  reduction  to  the 

present  scale,  was  decided  upon  with  the  view  of  affording  an  impetus  to  the  export  trade,  and 

also  to  assist  coal  in  replacing  wood  and  other  descriptions  of  fuel  at  long  distances  in  the  interior. 

The  scale  is  here  given  : 

Per  maund 

(per  English  ton) 

per  mile. 

For  all  distances  up  to  75  miles  inclusive 0'14  pie  (0*327d.). 

Phis  for  any  distance  in  excess  of  75  miles,  and  up  to  200  miles  inclusive  .     .     .  0*12  —  (0*280<i.)» 

_               _             —        200     —          --       450            —           ...  0-1    —  (0-23W.)- 

_              —             _        450     —           _    1,000            —           .     .     .  009  —  (0-210d.). 

The  total  charge  being  subject  to  the  minimum  fixed  by  government  of  */io  pie  per  maund 
(0"233d.  per  English  ton)  per  mile,  or  something  under  one  farthing  per  ton-mile  of  2.240  lb. 

The  scale  shews  that  even  during  the  first  miles  of  its  carriage,  coal  is  charged  at  less  than 
Vs  of  a  penny  per  ton-mile  of  2,240  lb.,  while  for  every  mile  over  450,  the  charge  is  reduced  as  low 
as  */$  of  a  penny  per  ton-mile. 

In  order  to  assist  the  export  of  coal,  a  rebate  of  20  per  cent  is  given  off  tariff  rates.  The  value 
of  coal  as  exported  from  Calcutta  may  be  taken  at  9s. 6d,  per  ton  of  2,240  lb.,  which  includes 
cost  of  coal,  carriage  over  150  miles  by  rail,  and  shipment  charges,  i.  e.,  f.  o.  b. 

Coal  is  charged  at  owner's  risk,  and  is  loaded  and  unloaded  by  sender  and  consignee.  The 
charges  which  have  been  given  apply  generally  throughout  the  principal  colliery  districts. 

11.  —  So  far  as  concerns  coal,  Indian  railways  have  a  clear  and  concise  tariff,  without  com- 
plications. There  are  no  special  station  to  station  rates,  and  everything  is  according  to  the  one 
scale,  except  where,  under  agreement,  the  longer  route  between  the  same  points  has  equalized 
with  the  shorter,  the  charges  in  these  cases  being  calculated  by  the  scale  on  the  shorter  route. 
This  simplicity  is  rendered  possible  by  the  circumstance  that  there  is  only  one  principal  source 
of  supply,  and  therefore  no  competition  between  different  source  of  supply  competing  for  the  trade 
of  the  markets  of  consumption. 

12.  Special  qnotations.  —  For  raw  agricultural  products  there  are  probably  not  more  special 
quotations  than  the  importance  of  the  traffic  warrants.  Here  there  are  both  competing  sources 
of  supply,  and  competing  marts  of  distribution . 

For  ordinary  and  unimportant  articles,  however,  a  mass  of  station  to  station  rates,  and  excep- 
tional conditions,  has  sprung  up  for  the  reason  that  there  has  been  no  general  revision  of  classific- 
ation, but  individual  treatment  of  each  of  some  thousands  of  commodities.  On  pages  37  and  38 
of  the  paper  by  Mr.  Mange,  assistant  traffic  manager,  Orleans  Railway  ('),  it  is  shewn  that 
a  similar  growth  of  special  quotations  on  the  Paris-Lyons-Mediterranean  Railway  has  been  met 
by  reductions  in  scale,  and  abolition  of  the  bulk  of  the  station  to  station  rates.  The  reduction 
of  the  scale  necessarily  could  not  be  to  the  level  of  the  lowest  special  quotation,  and  we  are  told 
that  while  those  who  profited  by  the  general  reduction  kept  silent,  the  sufferers  hy  the  increases 


(*)  Vide  Bulletin  of  the  Railway  Congress,  No.  1,  January,  1905,  p.  235  and  236. 
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protested  energetically,  so  that  although  the  reform  was  a  considerable  srep  in  advance,  it 
appeared  to  give  rise  to  nothing  but  discontent. 

There  was  the  diflficulty  in  making  the  alterations  in  the  tariff  of  the  French  line  that  commo- 
dities of  the  first  importance  came  under  revision ;  but,  as  it  has  been  endeavoured  to  show  in  this 
note,  on  Indian  lines  the  scale  for  the  charge  of  coal  is  simple,  and  agricultural  products  have  not 
undue  complications,  though  there  is  probably  a  number  of  station  to  station  rates  which,  at  one 
time  necessary,  have  served  their  purpose,  and  could  be  withdrawn.  Of  the  five  ordinary 
classes,  it  is  probable  that  a  readjustment  in  scale  could  be  arrived  at  for  the  three  higher 
classes,  which  without  having  any  seriously  detrimental  effect  on  revenue,  would  enable  the  great 
bulk  of  the  station  to  station  rates  to  be  withdrawn  without  causing  discontent  to  consignors.  The 
same  remarks  apply  in  a  less  degree  to  the  two  lower  classes  of  ordinary  goods.  Here  larger 
interests  are  concerned,  both  for  the  consignor  and  for  the  railway.  Profiting  by  the  experience 
of  the  French  line,  important  station  to  station  rates  would  be  preserved;  but  with  a  small 
reduction  in  scale  a  large  number  of  special  quotations  would  disappear. 

The  subject  of  simplification  of  goods  tariff  is  now  having  the  attention  of  the  Indian  Railway 
Conference  Association. 

13.  Possible  deTolopmenti.  —  The  question  of  slow  freight  rates  for  Indian  Railways,  is  at 
present  in  an  interesting  position.  While,  as  shown  in  paragraph  3  of  this  note,  the  powers  given 
to  the  managements  of  the  various  lines  by  the  government  which  owns  the  lines  permit  a 
maximum  charge  on  high  class  goods  of  2  Vs  pence  per  ton-mile,  and  on  coal  and  low  class 
goods  a  maximum  of  one-third  of  this  amount,  or  0-77  penny  per  ton-mile;  and  forbid  a  lower 
charge  than  0*38  penny  for  high  class  goods,  and  than  0*23  penny  for  coal  and  low  class  goods, 
the  aoera^e  charge  in  1903  on  all  Indian  railways  taken  together,  was  for  all  merchandise, 
including  coal,  under  0*5  penny  per-ton  mile,  and  for  coal  taken  by  itself  0-26  penny  per  ton- 
mile.  The  average  charge  made  is  thus  out  of  all  proportion  nearer  to  the  minimum  than  to 
the  maximum  allowed,  the  result  being  brought  about  by  the  low  rates  levied  on  coal  carried 
for  export  or  over  long  distances  to  the  interior,  and  on  grain  and  seeds  carried  to  the  ports  of 
Calcutta,  Bombay  and  Kurrachee.  Many  of  these  rates  are  actually  down  to  the  minimum 
allowed  of  0*23  penny  per  ton-mile. 

14.  Railways  now  profitable  to  the  State.  —  Until  the  commencement  of  the  present  decade, 
the  government  of  India  as  a  proprietor  and  guarantor  of  railways  was  losing  large  sums  of 
money  annually  on  the  working  of  the  railways  as  a  whole,  but  for  four  years  in  succession  there 
has  been  a  surplus,  and  there  has  been  such  steady  progress  that  it  may  be  hoped  that  for  the 
future  the  position  will  constantly  be  of  income  greater  than  expenditure.  It  is,  however,  by  no 
means  the  case  that  all  railways  earn  sufficient  to  cover  their  working  expenses  and  the  interest 
on  capital  outlay.  The  statistics,  indeed,  shew  that  of  a  total  mileage  of  say  27,000,  only  about 
10,000  miles  are  being  worked  at  any  profit,  and  only  about  5,000  miles  at  any  considerable 
profit.  Carrying  the  examination  a  step  further,  it  is  seen  that  the  system  of  about  2,250  miles 
from  which  the  largest  share  out  of  all  proportion  of  the  profits  comes,  is  that  which  charges  the 
lowest  rates,  this  system  being  specially  favoured  in  the  matter  of  gradients,  coal  and  a  steady 
traffic,  so  that  the  cost  per  ton-mile  carried  is  much  lower  than  on  other  Indian  lines. 

15.  Cost  per  ton-mile.  — r  In  India  there  are  accurate  statistics  of  ton-miles,  and  a  rough  and 
ready  method  has  been  adopted  of  apportioning  the  cost  of  working  between  coaching,  and  goods 
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traffic.  This  method  is  open  to  just  criticism,  but  for  the  purpose  of  comparison  between  different 
lines  may  be  acx^pted  without  fear  of  great  error,  the  proportion  of  goods  and  coaching  traffic 
to  the  whole  on  important  railways  not  being  dissimilar. 

There  are  three  principal  ports  to  be  served,  Calcutta,  Bombay  and  Kurrachee.  Working 
on  an  average  for  five  years,  and  assuming  the  cost  of  carriage  to  Calcutta  as  1 ,  the  cost  to  Bombay 
is  1'81  and  to  Kurrachee  1-80. 

16.  Present  minimom  a  restraint.  —  The  present  minimum  charge  of  0*23  penny  per  ton-mile 
is  acting  as  a  restraint  on  the  operations  of  the  managements  to  which  government  has  entrusted 
the  working  of  its  railways,  and  it  seems  probable  that  in  the  early  future  government  may 
consider  whether  the  minimum  can  be  reduced.  There  will  then  be  the  problem  whether,  as 
hitherto,  there  shall  be  one  minimum  for  all  alike,  or  whether  the  cheap  working  line  shall  be 
allowed  to  charge  a  lower  rate  than  the  system  where  the  prevailing  conditions  do  not  permit  of 
the  same  economy.  In  other  words,  whether  the  cost  of  working  shall  be  taken  into  consider- 
ation in  fixing  the  minimum  rate  which  may  be  quoted  by  the  different  systems.  It  is  too  much 
to  expect  that  there  shall  be  a  different  minimum  for  each  railway,  small  and  large,  but  it  is 
submitted  that  different  minimum  rates  based  on  cost  of  working  could  be  liud  down  for  the  larger 
systems,  and  a  general  minimum  for  the  smaller,  and  that  such  a  procedure  would  be  both  fair 
to  the  consignor  whose  goods  are  to  be  carried,  and  in  the  interests  of  government  as  owning  the 
railways. 
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1.  —  The  radinin  controyersy. 

[Engineering.) 

The  controversy  on  the  real  nature  of  radium,  'which  was  initiated  by  Lord  Kelvin  in  his  letter  ta 
the  Times  on  Thursday,  the  9^^  of  August,  1906,  appears  to  be  an  instance  of  historic  plagiarism, 
and  has  many  precedents  in  the  record  of  scientific  progress.  Thus  Laplace  was  unable  to  accept 
the  undulatory  theory  of  light ;  Lavoisier's  ideas  found  their  strongest  opponents  in  some  of  the 
most  renowned  chemists  of  his  time,  and  Darwin's  work  on  evolution  owed  its  success  to  the 
then  rising  generation  of  naturalists,  rather  than  to  any  assistance  it  received  from  those  whose 
reputation  was  already  established.  In  principle,  physical  and  chemical  theories  should  be  held 
with  a  light  grasp.  As  professor  J.J.  Thomson  has  said  in  a  recent  address,  a  physical  theory 
is  **  a  policy  rather  than  a  creed,"  and  the  physicist  should  always  be  ready  to  abandon  or 
modify  his  views  of  the  intimate  nature  of  things  as  the  necessity  arises.  Nevertheless,  this  is 
undoubtedly  a  counsel  of  perfection,  and,  as  stated,  there  have  been  many  instances  in  the  past 
where  men  of  even  the  highest  scientific  capacity,  and  whose  record  has  earned  them  an  interna- 
tional  renown,  have  proved  unable  to  effect  very  necessary  modifications  in  the  theoretical  con- 
ceptions which  have  guided  their  work.  Probably  much  of  their  past  success  has  been  largely 
due  to  the  clearness  and  vividness  with  which  they  have  been  able  to  picture  to  themselves  the 
interrelations  of  the  particular  *'  mechanical  model  of  the  universe  "  they  affect,  and  the  aban- 
donment, or  rather  modification,  of  this  model  is,  accordingly,  much  more  difficult  for  them  than 
for  younger  men  less  thoroughly  steeped  in  its  peculiarities. 

The  point  at  present  in  dispute  may  be  summarised  as  follows  :  In  the  early  years  of  the  last 
century,  Dalton  revived  a  theory,  originally  due  to  Democritus,  that  matter  was  not  infinitely 
divisible,  but  that  it  consisted  of  an  aggregate  of  small  particles  or  atoms  which  were  incapable 
of  being  broken  up  or  subdivided  by  any  chemical  method.  Democritus  held  that  the  atoms 
were  uncaused,  and  had  existed  from  all  eternity.  Clerk  Maxwell  called  them  the  foundation 
stones  of  the  universe,  and  moved,  we  believe,  rather  by  a  desire  to  find  a  purpose  in  Nature 
than  by  purely  physical  or  philosophical  considerations,  went  further  by  stating  that  they  had 
all  the  appearance  of  being  "  manufactured  articles.  "  In  opposition  to  this,  however,  many 
other  physicists  and  chemists,  whilst  admitting  that  there  was  no  proof  of  atomic  disintegration 
in  the  laboratory,  held  that  it  was  going  much  too  far  to  assert  its  impossibility.  The  first  indica- 
tion of  the  existence  of  particles  much  smaller  than  ordinary  atoms,  was  obtained  by  Sir  William 
Crookes,  who  was  led  to  believe  that  in  vacuum  tubes  the  discharge  was  carried  by  something 
much  less  gross  than  the  atoms,  and  this  he  called  radiant  matter.    His  views,  however,  met 


Digitized  by 


Google 


—  1749  — 

with  little  acceptance,  especially  abroad,  but  a  few  years  ago,  professor  J.J.  Thomson,  by  an 
extraordinarily  ingenious  series  of  experiments,  succeeded  in  actually  weighing  the  particles 
carrying  the  discharge,  and  found  them  to  have  a  mass  of  about  ^/iooo  that  of  the  atoms  of 
hydrogen.  It  was  later  found  that  these  *'  corpuscles,"  as  Thomson  dubbed  them,  could  be 
obtained  from  all  sorts  of  materials.  If  a  sheet  of  zinc  is  exposed  to  violet  light,  they  are  liber- 
ated in  large  quantities,  and  under  certain  circumstances,  they  are  liberated  in  particularly  copious 
streams  from  the  salts  of  calcium.  About  the  same  time  as  these  researches  were  in  progress, 
Zeeman  showed  that  whatever  it  was  that  produced  the  light  when  a  salt  was  highly  heated,  it 
was  not  the  atom  as  a  whole,  but  a  very  much  smaller  particle,  the  calculated  mass  of  which 
agreed  with  that  of  the  corpuscles  measured  by  Thomson.  Apparently,  therefore,  the  corpuscles 
formed  a  constituent  of  the  atom,  and  on  one  hypothesis  the  atom  consisted  solely  of  these, 
there  being  about  1,000  in  an  atom  of  hydrogen.  In  such  a  case,  atomic  disintegration  was  not 
only  possible,  but  inevitable,  since  these  charged  corpuscles,  moving  in  orbits  within  the  atom  at 
incredible  velocities,  were  each  and  all  acting  as  radiators,  and  thus  losing  their  kinetic  energy. 
Recent  experiments  by  Thomson,  however,  go  to  prove  that  the  number  of  corpuscles  in  the 
atom  has  been  much  over-estimated  by  the  advocates  of  the  above  theory;  yet,  nevertheless, 
though  the  number  in  any  atom  is  apparently  of  the  same  order  as  the  atomic  weight,  the  same 
reasoning  holds,  and  on  this  theory  a  time  must  ultimately  be  reached  when  the  internal  stability 
of  every  atom  breaks  down. 

Contemporaneously  with  much  of  the  two  lines  of  investigation  above  mentioned,  Becquerel 
made  the  startling  discovery  that  uranium  simultaneously  gave  rise  to  a  radiation  which  acted  on 
photographic  plates,  and  therefore  possessed  a  certain  energy.  Experiment  showed  that  this 
radiation  was  apparently  independent  of  exterior  influences  and  that  it  was  of  indefinite  duration. 
The  Curies  subsequently  separated  from  uranium  gangue  the  element  radium,  which  possessed  the 
peculiar  properties  of  uranium  in  a  marvellously  enhanced  degree.  An  examination  of  the  radia- 
tion emitted  by  this  element,  showed  that  it  could  be  divided  into  three  portions  —  the  so-called  a, 
6,  and  7  rays.  The  a  rays  proved  to  be  positively  electrified  particles  of  atomic  proportions ;  the  j3 
rays  proved  to  be  particles  identical  with  Thomson's  corpuscles,  whilst  the  7  rays  turned  out  to 
be  similar  to  the  well-known  Rttntgen  radiation,  but  to  have  an  extraordinary  penetrative  power. 
It  was  further  found  that  the  energy  liberated  was  so  great  that  a  mass  of  radium  could  raise  its 
own  weight  of  water  to  boiling  point  every  hour.  After  measuring  the  mass  of  the  a  particles, 
Rutherford  suggested  that  helium  was  a  product  of  the  break  up  of  radium,  a  supposition  shown 
to  be  well  based  by  Sir  William  Ramsay  and  professor  Soddy.  In  order  to  unify  all  the  foregoing 
observations,  it  was  suggested  that  we  had  here  an  instance  of  that  atomic  break-up  which 
seemed  a  necessary  consequence  of  Zeeman's  discovery. 

This  view  was  bitterly  opposed  by  many  chemists  and  does  not  commend  itself  to  Lord  Kelvin. 
The  chemists  maintained  that  the  whole  phenomenon  was  simply  a  case  of  the  ordinary  break-up 
of  a  chemical  compound,  and  were  able  to  adduce  instances  from  organic  chemistry  in  which 
chemical  reactions  spontaneously  occurred  under  certain  conditions,  and  the  rate  of  change  foll- 
owed exactly  similar  laws  to  those  found  by  Rutherford  to  hold  for  the  decay  of  the  activity  of 
the  thorium  emanation.  In  two  most  essential  points,  however,  the  new  phenomenon  difirei*ed 
from  the  old.  In  the  first  place,  the  amount  of  energy  liberated  was  enormously  great  as  com- 
pared with  that  set  free  in  the  breakdown  of  a  similar  weight  of  any  known  chemical  compound ; 
and,  secondly,  the  rate  of  change  appeared  unaffected'by  great  heat  or  by  the  most  extreme  cold. 
We  believe  that  some  evidence  has  recently  been  obtained  that  the  rate  of  radiation  is  slightly 
afiected  by  extreme  heat ;  but  the  output  is  the  same  at  the  temperature  of  liquid  air,  as  at  a 
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low  red  heat,  whilst  all  chemical  reactions,  on  the  other  hand,  are  much  influenced  by  such 
changes  of  temperature,  those  in  which  the  rate  of  change  is  progressive,  rather  than  explosive, 
being  particularly  affected.  So  far  a^s  we  are  aware,  no  chemist  has  attempted  to  meet  .either  of 
these  objections,  nor  does  Lord  Kelvin. 

The  extraordinary  amount  of  energy  liberated  by  radium  led  to  another  fertile  suggestion  — 
vijs.,  that  a  considerable  proportion  of  the  flow  of  heat  from  the  lower  strata  to  the  surface  of  the 
earth,  was  due  to  the  presence  of  radium.  For  many  years,  a  certain  school  of  thought  had 
derived  much  mental  consolation  from  the  knowledge  that  physicists  and  geologists  were  unable 
to  agree  as  to  the  age  of  the  earth.  Considering  the  earth  as  a  mere  cooling  body,  the  conduct- 
ivity of  the  surface  layers  of  which  was  known.  Lord  Kelvin  many  years  ago  showed  that  the 
date  at  which  the  solid  crust  first  began  to  form  was  probably  not  more  than  100  million  years 
distant.  Similar  calculations,  made  on  the  assumption  that  the  sun*s  temperature  radiation  was 
due  solely  to  the  energy  liberated  by  its  shrinkage,  led  also  to  the  concli^sion  that  it  had  not 
been  a  source  of  heat  and  light  for  more  than  15  or  20  million  years.  Geologists,  on  the  other 
hand,  declared  that  the  record  of  the  rocks  pointed  to  an  enormously  greater  lapse  of  time 
between  the  deposition  of  the  first  sedimentary  rocks  and  our  era.  In  1894,  professor  Perry 
showed  that  the  possible  age  of  the  earth  might  be  very  much  greater  than  calculated  by  Kelvin 
and  Tait,  provided  that  the  interior  conductivity  was  greater  than  that  of  the  surface  rocks. 
This  hypothesis,  however,  led  to  the  conclusion  that  the  crust  must  be  very  thick,  which  appears 
to  be  negajtived  by  the  wave  phenomena  observed  in  earthc(Uakes.  If,  however,  the  surface 
layers  of  the  earth  contained  an  appreciable  quantity  of  radium,  the  whole  difficulty  would  seem 
to  disappear,  and  an  examination  of  the  surface  rocks  by  Mr.  Strutt  shows  that  the  amount  of 
radium  present  fs  sufficient  to  fully  account  for  the  observed  temperature  gradient,  even  if  the 
crust  were  only  a  few  tens  of  miles  in  thickness. 

No  doubt,  this  conclusion  would  be  invalidated  if,  for  any  reason,  the  radium  in  the  lower 
levels  ceased  to  disintegrate,  and  Lord  Kelvin,  in  one  of  his  several  letters  to  the  Times,  adopts 
a  suggestion  of  Mr.  Douglas  Rudge  that  the  enormous  pressures  to  which  it  is  subjected  would 
prevent  the  display  of  its  peculiar  activities.  Since,  however,  these  are  unchecked  by  an  extreme 
of  cold  not  excessively  far  removed  from  the  absolute  zero  of  temperature,  there  seems  no  d  priori 
ground  for  believing  that  they  should  be  checked  by  pressure.  Presumably  the  idea  is  to 
assimilate  the  break-up  of  radium  to  that  of  calcium  carbonate,  into  lime  and  carbonic  acid  gas. 
This  latter  reaction  is  brought  to  a  stop,  or,  rather,  to  a  state  of  statical  equilibrium,  when  the 
pressure  of  the  liberated  gas  reaches  a  certain  limit.  But  this  limiting  pressure  is  dependent  on 
the  temperature,  a  fact  which  in  itself  seems  sufficient  to  negative  the  suggested  analogy.  The 
burden  of  proof,  therefore,  would  seem  to  rest  on  those  who  assert  the  influence  of  pressure,  and 
this  proof  they  have  made  no  attempt  to  provide.  Unless  some  action  of  this  kind  takes  place, 
the  presence  of  radium  in  the  earth's  crust,  in  the  quantity  actually  observed,  makes  the  earth 
out  old  enough  to  suit  every  requirement  of  the  geologist;  and  the  difficulty  with  respect  to  the 
duration  of  the  sun's  light  and  heat  disappears  in  a  similar  fashion.  It  is  true  that  no  direct 
indication  of  the  presence  of  radium  has  actually  been  observed  in  the  solar  spectrum ;  but  it 
will  be  remembered  that  helium  was  first  discovered  in  that  luminary,  and  only  detected  in  our 
planet  many  years  later.  There  is  strong  reason  for  believing  that  helium  is  always  a  product 
of  radio-activity,  and,  hence,  that  the  sun  contains  notable  quantities  of  radio-active  bodies. 

A  curious  feature  of  the  derivation  of  helium  from  radium,  is  that  helium  is  not  at  the  outset 
detectable  in  the  emanation  given  off,  but  only  makes  its  appearance  after  the  lapse  of  some  days. 
Were  it  involved  in  the  emanation  in  the  same  way  that  sodium  is  in  common  salt,  it  seems 
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hardly  possible  that  its  presence  should  not  be  evident  in  the  spectroscope  from  the  very  outset 
though,  no  doubt,  cases  are  known  where  the  presence  of  one  gas  masks  the  spectrum  of  another, 
though  present  in  a  fair  proportion. 

Of  course,  the  theory  of  atomic  disintegration  involves,  as  one  of  its  consequences,  that  radium 
is  an  evanescent  element,  its  life  period  being  some  1 ,01*0  to  1 .500  years.  Hence,  unless  renewed 
from  some  source,  it  would  long  ago  have  vanished  from  the  earth.  Its  parent  substance  is 
supfK)sed  to  be  uranium  —  an  element  which  is  also  breaking  up,  one  of  its  decomposition  pro- 
ducts being  radium.  Evidence  of  this  connection  is  afforded  by  the  obsen'ation  that  the  amount 
of  radium  present  in  a  uranium  mineral  is  always  a  constant,  though  very  small  fi^action  of 
the  weight  of  uranium  present.  The  life  period  of  the  latter  is  enormously  greater  than  that 
of  radium,  and  possibly  the  element  in  question  is  the  residue  of  some  other  primordial  element 
which  has  long  since  vanished  from  the  face  of  Nature. 

Of  course,  like  any  other  physical  theory,  this  one  of  atomic  disintegration  may,  as  observa- 
tions accumulate,  prove  unequal  to  the  description  of  new  experiments ;  but  as  matters  stand,  no 
competing  explanation  of  the  phenomena  involved,  seems  to  cover  and  unify  so  wide  a  range  of 
observed  facts;  and  it  will  certainly  not  be  abandoned  until  some  other  hypothesis  is  developed 
which  will  afford  an  equally  intelligible  and  adequate  model  of  the  internal  structure  of  the  atom. 
The  whole  question  is  now  in  its  infancy,  and  much  light  on  it  may  be  expected  during  the  next 
few  years.  Though  at  present  the  matter  is  of  no  immediate  practical  importance,  the  material 
interests  of  the  race  are  involved  in  no  remote  degree.  Our  present  civilisation  is  based  upon 
the  possession  of  coal,  and  the  output  of  mechanicul  power  is  increasing  rapidly  from  year  to 
year.  In  no  very  distant  future,  the  supply  of  this  at  present  indispensable  conamodity  will  be 
exhausted,  and  unless  the  human  race  can  find  some  other  source  of  energy,  a  relapse  into  bar- 
barism seems  inevitable.  Recent  experiments  at  Cambridge  go  to  show  that  it  may  not  prove 
wholly  impossible  to  unlock  the  enormous  reserves  of  internal  energy  which,  on  the  hypothesis 
now  under  debate,  are  assumed  to  be  locked  up  in  the  atom,  though  in  the  experiments  in 
question,  this  release  of  energy  was  only  effected  to  a  degree  but  little  removed  from  the  infinite- 
simal. 


[  62S  .ii3.2  ] 

2.  —  Phosphorus  in  steel  rails. 

^  [The  RaiUcay  Age.) 

Specifications  for  steel  rails  have  been  the  cause  of  serious  disagreements  in  the  committees  of 
every  association  which  has  had  to  do  with  the  adoption  of  such  standards.  In  1902,  the  Ameri- 
can Railway  Engineering  and  Maintenance  of  Way  Association  adopted  a  specifiration  for  steel 
rails  which  makes  the  limits  in  the  chemical  composition  for  90  to  lOO-pound  rails,  carbon, 
0*45  to  0-55;  phosphorus.  0*10;  silicon,  0*20;  manganese,  0-80  to  110.  This  may  be  taken  as 
representing  the  chemical  specification  for  most  of  the  rails  which  have  been  rolled  in  this  country 
during  the  past  four  or  ii'Vii  years.  Attention  is  called  to  the  high  phosphorus  (O'lOj  associated 
with  high  carbon  and  high  manganese.  Prominent  members  of  this  association  have  testified 
that  since  the  adoption  of  this  specification,  each  year  has  produced  a  worse  rail  than  the  previous 
one.  At  the  March  meeting  in  1905,  Mr.  W.  R.  Webster,  chairman  of  the  committee  on  rails, 
said,  **  The  question  before  us  is  *  brittle  rails. '  It  has  been  the  aim  of  the  committee  by  the 
introduction  of  clauses  to  regulate  the  finishing  temperature  to  get  good,  safe  rails  from  the 
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ordinary  rail  steel  which  is  high  in  phosphorus,  but  we  all  appreciate  that  a  better  rail  can  be 
obtained  from  steel  lower  in  phosphorus,  in  that  it  is  less  liable  to  be  brittle.  This  would  increase 
the  cost,  and  we  have,  therefore,  left  this  matter  of  phosphorus  limit  to  be  adjusted  by  the  indi- 
vidual railway  companies  with  the  mills.  **  On  account  of  the  large  number  of  rails  rejected  for 
brittleness  in  the  drop  test,  the  manufacturers  requested,  at  this  meeting,  that  the  drop  test  for 
9i)  and  100-pound  rails  be  reduced  from  22  to  19  feet,  but  the  association  refused  to  do  this  and 
made  the  requirements  still  more  severe,  by  requiring  the  sample  for  drop  test  to  be  taken  from 
the  rail  rolled  from  the  top  of  the  ingot.  It  was  expected  that  this  will  serve  to  reject  a  larger 
proportion  of  piped  and  brittle  rails. 

At  the  June  meeting  of  the  American  Society  for  Testing  Materials,  the  committee  on  rails 
presented  a  compromise  report  proposing  to  change  the  drop  test,  so  as  to  require  the  sample  to 
be  taken  from  every  fifth  blow  instead  of  from  each  blow,  also  allowing  two  additional  tests  if  the 
first  failed.  This  was  plainly  another  attempt  of  the  steel  manufacturers  to  make  conditions 
easier  for  the  acceptance  of  high-phosphorus  rails.  The  American  Society  for  Testing  Materials 
was  wise  enough  to  reject  the  proposition  and  passed  a  resolution  referring  the  subject  back  to 
the  committee,  instructing  it  to  prepare  and  submit  at  the  next  meeting  a  rail  specification 
which  will  correct,  as  far  as  possible,  the  defective  qualities  in  rails  made  under  existing  speci- 
fications. 

At  the  meeting  of  the  American  Society  of  Civil  Engineers  in  June  this  year,  it  developed  that 
little  progress  had  been  made  by  the  committee  on  rails,  and  there  was  a  disagreement  in  the 
committee  to  the  extent  of  presenting  a  minority  report.  On  account  of  the  difficulty  of  making 
satisfactory  rails  out  of  high-phosphorus  steel,  the  civil  engineers  are  beginning  to  think  that 
there  must  be  something  wrong  with  their  standard  sections  for  rails.  Two  of  the  minority 
members  of  the  committee  hold  that  standard  rail  sections  should  be  modified  and  the  other  two 
suggest  that  modifications  of  the  standard  forms  of  section  are  advisable,  but  consider  that  no 
cKange  can  be  made  without  further  investigation  of  the  service  value  of  the  present  sections. 
This  dissent  from  the  majority  report  is  based  mainly  on  requirements  of  the  specifications  for 
manufacturers'  methods  and  processes,  and  not  on  the  specifications  for  testing  the  finished  rails. 

The  next  disagreement  that  we  hear  of  with  regard  to  rail  specifications,  is  in  the  joint  meeting 
in  London  of  the  American  Institute  of  Mining  Engineers  and  the  British  Iron  and  Steel  Institute. 
A  paper  presented  by  Mr.  Albert  Ladd  Colby,  of  New  York,  making  a  comparison  of  American 
and  foreign  rail  specifications,  presented  a  proposed  standard  specification  to  cover  American 
rails  rolled  for  export.  In  this  paper,  a  rather  elaborate  apology  is  made  for  high  phosphorus 
and  the  principal  part  of  the  discussion  of  the  specification  at  this  meeting  of  the  most  eminent 
ironmasters  and  metallurgists,  was  the  allowable  percentage  of  phosphorus  in  steel  rails.  The 
chemistry  proposed  by  Mr.  Colby  for  export  rails  corresponded  in  phosphorus  and  other  hardeners 
very  closely  with  that  above  given,  but  the  English  ironmasters  objected  that  0*10  per  cent 
phosphorus  is  too  high  and  that  portion  of  the  specification  was  even  discredited  by  the  American 
members.  The  author  himself  in  his  paper  says  the  engineer  knows  and  even  the  steelmaker 
grants  that  phosphorus  is  the  most  undesirable  constituent  of  steel,  and  that  when  a  steel  is  liable 
to  sudden  and  frequent  shocks  it  should  be  low  in  phosphorus.  In  the  discussion  of  Mr.  Colby's 
paper,  Mr.  Windsor  Richards  said  the  most  interesting  point  is  what  shall  be  the  maximum  per 
cent  of  phosphorus  allowable  in  steel  rails.  In  England,  the  various  engineering  societies  had 
agreed  on  an  analysis  showing  carbon,  0*35  to  0*50;  manganese,  0*7  to  I'O;  phosphorus,  0*07; 
sulphur,  007.  Phosphorus  0*07  was  the  maximum  allowance  which  the  English  railroads 
would  allow.     Mr.  J.  E.  Stead  said  that  the  question  of  phosphorus  was  one  of  the  first  impor- 
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tance  and  all  agreed  that  if  the  carbon  is  raised,  the  bad  effect  of  phosphorus  will  be  more  and 
more  pronounced.  He  considered  0*10  per  cent  phosphorus  too  high  and  it  should  only  be 
allowed  if  the  other  constituents  were  low.  Mr.  R.  A.  Hatfield,  the  president  of  the  British 
Iron  and  Steel  Institute,  said,  **  if  Mr.  Colby  had  been  before  the  British  committee  of  standards, 
he  would  have  found  difficulty  in  persuading  English  engineers  to  accept  0*10  phosphorus  in 
their  specification.  The  high  carbon  in  the  large  section  rails  associated  with  high  phosphorus 
induces  brittleness.  "  In  Mr.  CJolby's  paper,  it  is  claimed  that  rails  made  to  his  proposed  speci- 
fications have  been  found  satisfactory  and  safe  in  service,  but  this  is  discredited  by  a  letter  from 
Mr.  E.  F.  Kenney,  engineer  of  tests  of  the  Pennsylvania  Railroad,  who  says  :  **  The  author  has 
certainly  been  misinformed  regarding  the  rail  situation  on  American  railways.  Very  convincing 
testimony  has  been  furnished  to  the  American  Society  of  Civil  Engineers  and  the  American 
Railway  Engineering  and  Maintenance  of  Way  Association  that  nearly  every  railway  having 
heavy  traffic  is  suffering  greatly  from  broken  rails.  The  rails  are  not  giving  satisfaction  as  to 
wear,  and  any  attempt  to  improve  the  durability  by  making  them  harder  is  met  by  a  crop  of 
brittle  rails.  This  brittleness  is  caused  by  the  high-phosphorus  content.  Rails  with  lower 
phosphorus  have  been  made  in  which  the  carbon  was  quite  high,  thereby  getting  much  better 
wearing  qualities  without  being  brittle;  but  as  long  as  the  phosphorus  is  kept  up  to  0*10,  it 
will  be  impossible  to  get  rails  which  will  wear  well  without  being  dangerous.  The  brittle  rail 
is  one  of  the  most  important  subjects  before  American  railroads  to-day.  '* 

On  account  of  the  majority  of  test  pieces  having  been  taken  from  the  bottom  of  the  ingot  where 
there  is  least  segregation  of  impurities,  and  also  of  the  difficulty  of  getting  a  fair  representative 
sample  from  the  rail  section  for  analysis,  it  is  probable  that  a  large  portion  of  rails  made  in 
recent  years  contains  more  than  0*10  per  cent  phosphorus.  Some  which  failed  have  been  found 
to  contain  carbon  as  high  as  0*60  and  phosphorus  0*137.  High  phosphorus  is  not  allowed  in 
American  specifications  in  steel  for  bridges  and  ships,  and  for  these  purposes  it  is  required  that 
the  steel  shall  be  made  by  the  open-hearth  process  and  the  phosphorus  must  not  exceed  0*06  for 
basic  and  0*08  for  acid  steel.  There  is  no  place  on  a  railroad  where  steel  in  large  quantities  is 
subjected  to  such  violent  blows  as  on  the  rail  itself,  and  of  all  places  it  is  the  one  where  the  phos- 
phorus content  should  be  kept  down  to  the  lowest  practicable  limits.  The  English  ironmasters 
believe  that  0*07  phosphorus  is  high  enough  and  American  rails  would  be  much  safer  if  they 
were  kept  down  to  this  figure. 

The  objections  which  have  been  made  already  to  brittle  rails  have  created  an  opinion  among 
rail-makers  themselves  that  something  more  should  be  done  in  order  to  make  rails  containing 
lower  phosphorus.  With  the  supply  of  native  ore  high  in  phosphorus,  the  best  method  of 
producing  good  steel  is  by  the  open-hearth  method.  The  initial  difficulty  is  with  the  high- 
phosphorus  ore  and  the  pig-iron  made  from  these  ores  contains  2  or  3  per  cent  of  phosphorus 
which  cannot  be  reduced  much  below  010  by  the  basic  Bessemer  process.  The  rail  manu- 
facturers are  probably  doing  the  best  they  can  with  the  ores  and  this  process,  but  the  evident 
solution  of  the  problem  dealing  with  high-phosphorus  ore  is  a  change  to  the  open-hearth  process. 

In  his  presidential  address  at  the  meeting  referred  to,  of  the  Mining  Engineers  and  the  Iron 
and  Steel  Institute  in  London,  Mr.  R.  W.  Hunt  said  :  **  In  J  905,  there  were  rolled  in  the  United 
States  183,264  tons  of  basic  open-hearth  rails  and  while  this  is  small  compared  with  Bessemer 
tonnage  it  is  the  *  handwriting  on  the  wall.  *  Aside  from  the  comparative  merits  of  Bessemer 
and  basic  open-hearth  steel,  there  seems  to  be  no  doubt  but  that  America's  iron  ore  conditions 
will  force  the  growth  ef  the  latter  process.  "  Since  1899,  basic  open-hearth  rails  have  been  made 
at  the  Ensley,  Ala  ,  works  of  the  Tennessee  Coal  &  Iron  Company.     The  Colorado  Fuel  &  Iron 
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Company  at  Pueblo,  Colo.,  has  begun  the  manufacture  of  basic  open-heart  rails  on  a  large 
scale.  The  entire  rail  output  of  the  Dominion  Steel  Company  of  Sidney,  N.  S.,  is  of  open-hearth 
steel,  and  the  United  States  Steel  Corporation  in  its  new  works  at  Gary,  Ind.,  is  arranging  for 
the  use  of  eighty  60-ton  basic  open-hearth  furnaces. 


f  625  .251  ] 

3.  —  TroportioDiBg  brake-shoe  pressures  to  wheel  loads. 

{The  Railroad  Gazette.) 

The  layman  is  dazed,  or  becomes  a  radical  judge,  when  doctors  disagree.  We  have  had  some 
curious  instances  of  differences  of  opinion  in  the  conventions  of  the  car  builders  and  master 
mechanics,  but  probably  none  more  pronounced  than  those  expressed  by  two  speakers  who 
opened  the  same  topical  discussion  before  the  respective  associations.  In  one,  the  subject  was 
scheduled  as  **  The  Desirability  of  Adjusting  Brake  Pressure  to  Light  and  Loaded  Cars, '  *  and 
in  the  other,  as  *  *  The  Necessity  of  Proportioning  Brake  Pressure  to  Wheel  Loads.  * '  The  first 
speaker  held  that  there  are  more  and  stronger  reasons  against  the  desirability  of  adjusting  brake 
pressures  to  loads  than  in  favour  of  it.  He  also  held  that,  if  the  retaining  valve  were  to  be  used 
as  it  is  intended,  the  present  condition  of  the  equipment  would  give  the  engineer  entire  and  full 
control  of  the  train.  These  remarks  were  accepted  as  the  sense  of  the  convention  without 
comment.  In  short,  the  Master  Car  Builders'  Association  does  not  consider  it  desirable  to  adjust 
brake  pressures  to  light  and  loaded  cars. 

When  the  same  subject  was  before  the  Master  Mechani<js'  Association,  the  speaker  took  the 
ground  that  it  was  exceedingly  desirable  to  make  this  adjustment,  and  called  attention  to  the 
fact  that  a  brake  pressure  of  70  per  cent  on  a  light  car  of  50  tons  capacity  falls  to  17  per  cent 
when  the  car  is  loaded,  making  a  difference  of  four  to  one  in  the  distance  that  the  car  would  run 
before  being  stopped.  It  was  not  urged  that  it  would  be  practicable  at  present  to  apply  such  an 
adjustable  apparatus  to  general  merchandise  cars,  but  that  it  is  quite  possible  to  do  so  in  the 
case  of  coal  and  ore  cars  that  shuttle  backwards  and  forwards  in  light  and  loaded  service. 

This  advocacy  was  likewise  allowed  to  go  unchallenged  and,  by  inference,  tliough  not  by 
formal  action,  as  in  the  previous  case,  it  would  appear  that  the  Master  Mechanics'  Association 
does  think  it  desirable  to  adjust  brake  pressures  to  wheel  loads. 

It  is  to  be  regretted  that  the  subject  was  not  thoroughly  discussed  in  one  or  other  of  the 
associations ;  for,  though  only  up  as  a  noon-hour  discu.ssion,  the  subject  is  certainly  one  of  impor- 
tance. In  looking  over  the  recx^rds  of  the  past,  we  find  that  in  1885,  it  was  urged  as  advantageous 
and  necessary,  to  apply  brakes  to  both  trucks  of  a  freight  car  instead  of  to  one  only,  which  was 
current  practice  of  the  time;  a  suggestion  that  has  been  universally  adopted  in  order  to  increase 
the  total  of  the  braking  pressure  and  thus  increase  the  efficiency.  After  the  Burlington  tests, 
there  were  a  number  of  attempts  to  secure  an  automatic  adjustment  of  the  brake-shoe  pressures 
to  the  requirements  of  light  and  loaded  cars.  As  the  arrangement  by  which  this  was  to  be 
accomplished  depended  upon  a  mechanical  cx)nnection  on  the  truck,  whereby  the  leverage  was 
varied  in  accordance  with  the  compression  of  the  springs,  the  working  was  unsatisfactory  and  the 
designs  were  never  introduced.  This  is  cited  merely  to  show  that  as  soon  as  the  air-brake  had 
gained  a  foothold  in  freight  service,  men  began  to  think  about  making  it  equally  efficient  upon 
loaded  as  upon  empty  cars.     It  is  difficult  to  see  how  there  can  be  any  doubt  that  such  action  is 
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desirable.  But  to  discuss  the  practicability  of  any  device  that  bm)^  be  offered,  is  quite  another 
matter. 

A  discussion  of  the  question  is  especially  pertinent  at  the  present  time,  in  view  of  the  stresses 
on  the  brake-beam.  In  the  report  of  the  committee,  attention  'was  called  to  the  changed  OMidi- 
tions  now  existing  as  compared  with  those  of  1889,  when  the  7,500  lb.  capacity  was  established 
as  the  minimum  for  a  beam.  Then  the  cars  ranged  in  light  weight  from  18,000  to  34,000  lb., 
with  an  average  of  about  25,000  lb.  Now  the  light  weight  of  high  capacity  cans  may  be  as  much 
as  45,000  lb.  so  that  taking  70  per  cent  as  the  shoe  pi^essure  of  the  earlier  cars  and  90  per  cent 
as  that  used  on  the  modem  ones,  the  brake-beam  loads  have  risen  from  6,200  to  10,125  lb. 
This,  for  empty  cars.  Now,  if  a  beam  is  to  be  designed  to  carry  a  70  per  cent  pressure  of  a  loaded 
50-ton  car,  it  must  sustain  at  least  21,250  lb.  if  the  car  weight  is  placed  at  40,000  lb.  and  a 
10  per  cent  overload  is  allowed.  Great  as  this  burden  is,  it  will  be  higher  still  in  many  cases 
where  the  cars  are  heavier  or  the  weights  carried  greater ;  as  in  the  case  with  cars  that  are  being 
marked  up  10  per  cent  in  nominal  capacity  where  steel  wheels  are  applied. 

As  strength  and  freedom  from  deflection  or  permanent  set  under  excessive  loading  are  essential 
qualifications  for  a  brake-beam  to  meet,  the  problem  is  not  a  simple  one.  If  room  is  scarce 
beneath  a  truck  in  which  to  place  a  beam  of  25,000  lb.  capacity,  when  loaded  at  its  center,  it  may 
be  possible  either  to  discard  the  beam  altogether  or  else  to  apply  the  stresses  near  the  ends  and  so 
lighten  the  structure.  The  same  thing  has  been  done,  though  for  other  reasons,  on  electric  cars 
where  all  of  the  space  between  the  axle  and  the  bolster  is  occupied  by  the  motors.  Hei^  two 
pull  rods  have  been  used  and  a  brake  obtained  that  has  worked  with  entire  satisfaction.  It  goes 
without  saying  that  if  it  is  found  to  be  desirable  to  put  a  load  of  12,000  or  13,000  lb.  on  the  brake- 
shoes  of  each  wheel,  a  means  will  be  found  to  meet  the  mechanical  requirements. 

There  is  still  another  aspect  of  the  case  that  should  receive  careful  consideration,  which,  at  first 
sight,  may  seem  to  make  for  the  use  of  the  lower  limit  of  pressure.  This  view  takes  the  possible 
effect  on  the  wheels  into  consideration.  While  the  effect  of  the  exceedingly  high  pressures  for 
long  distances  on  grades  would  undoubtedly  be  the  cause  of  much  cracking,  it  must  be  remem- 
bered that  such  a  condition  is  not  apt  to  occur,  since  such  pressures  would  undoubtedly  stop  and 
hold  any  car  on  any  workable  grade.  The  consequence  would  be,  that  the  engineer  would  soon 
learn  to  make  a  lighter  application  on  the  loaded  trains,  thus  holding  the  train  under  control  with 
no  more  injury  to  the  wheels  than  occurs  under  present  conditions  of  service.  It  is  true  that 
injury  might  be  expected  in  cases  where  an  engineer,  knowing  that  he  had  an  exceedingly 
powerful  brake  available,  would  allow  a  train  to  reach  a  very  high  speed  on  a  long  and  steep 
grade,  and  then  apply  with  full  force  in  order  to  make  a  stop.  This  would  undoubtedly  result  in 
some  heating,  but  whether  that  would  be  sufficient,  within  the  comparatively  short  interval  during 
which  it  would  be  in  operation  to  cause  injury  cannot  be  predicted  accurately  from  data  thus  far 
secured. 

It  is  clear,  in  view  of  the  great  weights  carried  by  present  day  cars,  and  the  high  speeds  at  which 
all  classes  of  equipment  are  likely  to  be  run,  together  with  the  effective  train  control  that  these 
conditions  demand,  should  be  placed  in  the  hands  of  the  engineer,  that  this  discussion  of  the 
desirability  of  proportioning  brake-shoe  pressures  to  light  and  loaded  cars  deserves  more  attention 
and  discussion  than  was  granted  it  at  the  recent  conventions  of  the  two  great  mechanical 
associations. 
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4.  —  The  express  companies. 

{Railroad  Gazette.) 

The  organization  and  operations  of  the  express  companies  are  at  the  present  moment  attract- 
ing considerable  attention.  One  of  the  reasons  for  this  is  that,  bj  a  readjustment  which  seems 
probable,  the  Adams  Express  Company  will  lose  nearly  one-third  of  its  present  mileage  to  a  new 
company  called  the  Northern  Express  Company.  It  is  probable  that  this  company,  organized  as 
the  successor  of  the  Northern  Pacific  Express,  is  to  consolidate  the  Great  Northern  Express  and 
the  Northern  Pacific  Express,  which  now  operate  each  over  the  road  named  in  its  title,  and  on 
the  expiration  shortly  of  the  Adams  Express  Company's  contract  with  the  Chicago,  Burlington 
&  Quincy,  to  add  to  its  mileage  that  8,500  mile  system,  thus  consolidating  the  express  business 
on  all  of  the  Hill  lines.  More  important  than  this  in  its  efiect  on  the  express  business,  deter- 
mined effort  is  being  made  by  a  considerable  proportion  of  the  stockholders  of  the  Wells-Fargo 
Express  Company,  another  of  the  four  leading  companies,  to  obtain  larger  dividends.  Their 
contention  is  that  the  company  is  earning  at  least  30  per  cent  a  year  and  can  conservatively 
afford  to  distribute  16  per  cent  in  dividends.  This  movement  has  already  been  successful  in 
securing  an  increase  of  the  dividend  rate  from  8  to  10  per  cent,  and  the  publication  of  some  slight 
information  about  the  financial  condition  of  the  company.  A  similar  movement  has  been  con- 
templated by  stockholders  of  the  United  States  Express  Company,  which  now  pays  4  per  cent 
dividends,  and  is  alleged  to  earn  at  least  18  per  cent  on  its  stock.  By  far  the  most  important  of 
the  causes  directing  attention  to  the  express  companies,  is  the  fact  that  they  have  been  brought 
under  the  operation  of  the  new  Insterstate  Commerce  law. 

The  Wall  Street  Journal  in  a  sketch  of  the  four  express  companies  which  it  is  estimated  do 
about  90  per  cent  of  the  express  business  of  the  country  —  the  Adams,  the  American,  the  United 
States  and  the  Wells-Fargo  —  shows  that  the  combined  mileage  of  railroad  over  which  they 
work  is  158,000  miles,  and  that  their  combined  capital  is  $48,000,000.  The  Adams,  the  Ame- 
rican and  the  United  States  are  joint  stock  companies.  The  Wells-Fargo  is  incorporated  in 
Colorado.  These  four  large  companies  appear  to  be  in  very  friendly  relations  one  to  another. 
L.  C.  Weir,  president  of  the  Adams  Express,  and  J.  C.  Fargo,  president  of  the  American,  are 
directors  in  the  United  States* Express  Company.  Also  nearly  one-half  of  the  directors  of  the 
four  companies  are  railroad  directors.  Of  the  1 3  Wells-Fargo  directors,  eight  are  ofScers  or 
directors  of  railroads;  of  the  nine  American,  three  are  railroad  directors;  of  the  seven  Adams, 
and  of  the  seven  United  States,  three  each  are  railroad  directors.  In  addition  to  this  inter- 
relation of  control,  two  of  the  three  smaller  companies  are  openly  or  practically  controlled  by 
the  larger  group.  The  American  Express  Company  closely  controls  the  National,  which  has 
^,000,000  capital,  and  operates  over  7,000  miles  of  road,  and  the  Adams  controls  the  Southern 
Express  Company,  which  has  about  the  same  capitalization  and  operates  a  mileage  of  about 
32,000  miles.  The  Pacific  Express,  the  third  of  the  smaller  companies,  has  a  mileage  of  22,000, 
and  operates  largely  west  of  the  Mississippi,  its  principal  railroads  being  the  Union  Pacific  and 
the  Missouri  Pacific.  Its  board  of  directors  contains  four  Gould  and  two  Harriman  represent- 
atives. The  mileage  of  the  four  most  important  companies  is  as  follows  :  Adams,  29,000  miles ; 
United  States,  30,000  miles;  American,  43,000  miles;  Wells-Fargo,  56,000  miles. 

The  express  companies  of  the  United  States  make  no  reports  of  their  operations.     The  only 
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clue  to  their  gross  business  lies  in  figures  published  by  the  Interstate  Commerce  Commission 
showing  the  amounts  received  by  the  railroads  from  the  express  companies,  which  are,  roughly, 
about  50  per  cent  of  the  gross  earnings  of  the  express  companies.  The  railroads'  income  from 
the  express  companies  has  increased  from  |28,000,000,  in  1900,  to  $41,000,000,  in  1904. 
During  these  five  years,  the  railroads  of  the  country  increased  their  earning  capacity  33  per  cent, 
and  at  the  same  time  enlarged  their  capitalization  by  15  per  cent.  Basing  the  estimate  on  the 
payments  to  the  railroads,  the  business  of  the  express  companies  increased  47  per  cent  with  no 
increase  of  capital.  Besides  these  payments  of  50  per  cent  to  the  railroads,  operating  expenses 
probably  require  another  40  per  cent  of  gross  earnings,  leaving  10  per  cent  as  the  net  earnings 
to  the  express  companies.  On  this  basis,  the  net  earnings  of  the  express  companies  have 
increased  from  $5,000,000.  in  1900,  to  $7,500,000,  in  1904.  Thus  although  no  definite  figures 
are  obtainable,  it  is  abundantly  evident  that  the  express  business  of  the  country  is  highly  pro- 
fitable. 

The  whole  question  of  larger  disbursements  to  stockholders,  appears  to  be  bound  up  in  the 
question  of  publicity  for  express  company  accounts.  At  present,  no  returns  whatever  are  made, 
and  the  stockholders  are  left  to  conjecture  as  to  the  real  earnings  of  their  companies.  This  is 
the  dangerous  feature  in  express  company  management  as  it  exists  to-day.  Leaving  out  of  con- 
sideration the  question  of  a  parcels  post  operated  by  the  government  which,  if  the  example  of 
similar  service  abroad  is  any  precedent,  could  carry  a  large  part  of  the  express  business  at  a 
much  lower  rate,  the  time  has  passed  when  so  important  a  public  business  should  be  conducted 
so  secretly.  Not  only  the  stockholders  of  the  express  companies,  but  those  of  the  railroads,  have 
the  right  to  know  under  exactly  what  arrangements  this  highest  grade  traffic  is  being  carried  on. 
On  the  expiration  of  a  contract  with  an  express  company,  the  stockholders  of  the  railroad  should 
be  informed  of  the  conditions,  and  have  a  chance  to  form  an  intelligent  opinion  as  to  whether  it  is 
to  the  advantage  of  the  railroad  to  continue  the  contract,  and  if  so,  on  what  terms.  The  present 
day  agitation  against  corporations,  has  been  largely  caused  by  secrecy  such  as  this,  with  regard  to 
matters  vital  to  the  financial  interests  of  stockholders  —  a  condition  always  likely  to  result  in 
manipulation  by  an  inside  ring  —  and  it  seeni^  reasonable  to  expect  that  the  veil  of  mystery 
hitherto  surrounding  the  express  business  will  soon  be  drawn  aside.  The  Interstate  Commerce 
Commission  will  no  doubt  now  require  the  express  companies  to  make  full  reports  of  their 
business  and  of  the  arrangements  under  which  it  is  done.  Such  statements  will  make  clear  the 
whole  question  of  whether  larger  dividends  should  be  paid,  and,  from  the  railroad  standpoint,  of 
whether  the  present  express  contracts  are  equitable. 

The  following  table  gives  the  most  important  railroads  over  which  the  principal  express  com- 
panies operate.  In  cases  where  more  than  one  company  operates  over  a  road,  the  most  important 
company  is  mentioned. 

WellS'Fargo  Express  Company. 


Atchison,  Topeka  <&  Santa  Fe  System. 

Southern  Pacific  System. 

Chicago,  Rock  Island  &  Pacific. 

St.  Louis  d  San  Francisco. 

Erie. 

Chicago  Great  Western. 

Denver  &  Rio  Grande  System. 

Colorado  &  Southern. 


El  Paso  &  South-Western  System. 

Kansas  City  Southern. 

Mexican  Central. 

Mexican  International. 

San  Antonio  &  Aransas  Pass. 

Vera  Cruz  A  Pacific. 

Tehuantepec  National. 
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American  Express  Company. 


New  York  Central  Lines  ('). 
Chicago  &  North-Western  System . 
Illinois  Central  System. 
Boston  &  Maine  System. 
Missouri,  Kansas  d  Texas. 


Central  Vermont. 

Chicago,  Indianapolis  &  Louisville. 
Buffalo,  Rochester  &  Pittsburg. 
Bangor  &  Aroostook. 


United  States  Express  Company. 


Chicago,  Milwaukee  &  St.  Paul. 
Philadelphia  &  Reading  System. 
Baltimore  &  Ohio  System. 
Cincinnati,  Hamilton  &  Dayton  and  Pere  Mar- 
quette. 


Chicago  &  Alton. 

Delaware,  Lackawanna  &  Western. 

Lehigh  Valley. 

Ohio  Central  Lines. 

Lake  Erie  &  Western. 


Adams  Express  Company. 


Pennsylvania  Lines. 

New  York,  New  Haven  &  Hartford. 

Chicago,  Burlington  &  Quincy. 

Iowa  Central  and  Minneapolis  d  St.  Louis. 


Chesapeake  d  Ohio. 

Richmond,  Fredericksburg  d  Potomac. 

Western  Maryland. 

Kansas  City,  Mexico  d  Orient. 


Southerm  Express  Company, 

Operates  over  all  important  railroads  in  southern  territory,  including  the  Norfolk  d  Western.    Adams 
Eljpress  also  operates  over  Louisville  d  Nashville.  ^ 


Pacific  Express  Company. 


Union  Pacific. 
Missouri  Pacific. 
Wabash  System. 
St.  Louis  South- Western. 


Delaware  d  Hudson, 

New  York,  Chicago  d  St.  Louis. 


International  d  Oreat  Northern. 

Texas  d  Pacific. 

Texas  Central. 

Detroit,  Toledo  d  Ironton  System. 


National  Express  Company. 


Toledo,  St.  Louis  d  Western. 
Wisconsin  Central. 


Also  operates  jointly  with  the  American  over  several  railroads. 


[  621  .151.2  ] 


Limits  for  weight  on  axles. 

(77^  Railway  Age.) 


For  years  prior  to  1895  artificial  and  arbitrary  limits  for  the  wheel  pressure  on  the  rail  were 
imposed  by  the  chief  engineers  of  American  railroads,  and  while  in  the  earlier  days  these  limits 


(*}  Except  Lake  Erie  d  Western. 
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may  have  been  justified,  the  practice  was  continued  so  long,  that  in  later  years  it  had  a  serious 
effect  on  the  growth  of  the  locomotive.  In  reviewing  this  development,  the  impression  gained  is 
that  the  limitations  of  load  on  axles  simply  stunted  the  natural  growth  of  the  locpmotive  which 
should  have  accompanied  the  improvement  in  track  and  the  use  of  heavier  rail. 

For  ten  years,  from  1880  to  1890,  the  tractive  power  of  locomotives  increased  but  slightly, 
and  during  the  following  decade,  1890  to  1900,  while  some  progress  was  made  in  developing 
engines  of  greater  power,  this  development  was  accompanied  by  a  corresponding  increase  in  total 
weight  of  the  engine.  The  necessity  for  strict  economy  in  operation  following  the  lean  years 
after  1893  resulted  in  the  introduction  of  tonnage  rating  and  with  it  restrictions  as  to  wheel 
pressures  and  axle  loads  seem  to  have  been  thrown  aside,  and  the  American  locomotive  then 
increased  more  rapidly  in  power  and  weight.  Since  1900,  the  effect  of  the  restrictions  as  to  load 
on  axle  in  previous  years  appears  to  have  resulted  in  a  slow  development  on  the  old  lines  and 
eflSciency  as  to  ratio  of  power  to  weight  remains  stationary,  while  but  little  improvement  is  seen 
in  refinement  of  design  in  American  locomotives  during  this  period. 

The  limitations  of  loads  on  axles  which  have  been  adopted  by  various  foreign  countries,  while 
perhaps  unduly  low  in  some  instances,  have  had  an  important  effect  on  the  design  of  rolling- 
stock,  especially  locomotives.  It  has  often  been  remarked,  at  the  time  of  international  exposi- 
tions, where  locomotives  from  different  countries  have  been  seen  side  by  side,  that  the  machinery 
of  foreign  locomotives  is  much  lighter  than  that  of  American  locomotives  having  equivalent  cylin- 
ders. In  fact,  the  data  relating  to  weights  of  foreign  engines  show  them  to  have  an  important 
advantage  in  this  respect  over  those  built  in  America. 

At  the  Milan  exposition,  the  attention  which  has  been  given  to  the  matter  of  dead  weight  in  the 
design  of  foreign  locomotives  is  quite  marked.  The  allowable  load  per  axle  in  Austria,  Germany 
and  Italy  is  about  15  tons,  in  France  16  tons,  and  in  Belgium  18  tons  per  axle,  but  there  is 
now  a  disposition  to  make  a  more  liberal  allowance  in  most  of  these  countries.  With  these 
low  limitations,  it  is  remarkable  what  has  been  accomplished  in  designing  the  large  locomotives 
exhibited  at  Milan  and  that  without  increasing  the  number  of  wheels  and  axles.  The  four- 
cylinder  Atlantic  Hannover  locomotive  which  was  shown  at  Milan,  weighs  only  136,640  pounds 
or  16  ^4  tons  per  axle.  It  has  a  total  heating  surface  of  2,580  square  feet  and  weighs  53  pounds 
per  square  foot  of  heating  surface.  There  is  also  at  the  same  exposition  a  four-cylinder  Atlantic 
locomotive  built  by  the  Hungarian  State  Railways  at  Buda-Pesth.  In  a  test  on  level  this 
engine  has  hauled  357  tons  at  a  speed  of  68*5  miles  per  hour.  The  weight  of  the  engine  is 
166,432  pounds  or  17-7  tons  per  axle.  The  total  heating  surface  is  2,823  square  feet  and  the 
weight  of  the  engine  per  square  foot  of  heating  surface  is  58  pounds. 

In  England,  there  is  apparently  no  official  limitation  to  the  rail  pressure  per  wheel,  but  in  the 
development  of  .large  passenger  locomotives  the  track  clearances  have  necessitated  the  use  of 
four  cylinders.  The  four-cylinder  balanced  compound  designed  by  Mr.  Wilson  Worsdell  for 
the  North  Eastern  Railway  has  a  weight  of  22  tons  per  axle  and  this  is  probably  the  maximum 
now  used  on  British  railways.  In  Belgium,  a  four-cylinder  simple  locomotive  with  six  drivers 
built  for  the  Belgian  State  Railways,  has  a  weight  of  19  tons  per  axle  and  its  tractive  power  is 
31 ,500  pounds.  This  engine  has  a  superheater  and  its  weight  per  square  foot  of  heating  surface 
is  107  pounds. 

On  the  line  between  Paris  and  Calais,  the  balanced  compounds  weigh  140,000  pounds  and 
haul  trains  weighing  295  tons  on  a  grade  of  V«  per  cent  at  a  speed  of  52  miles  per  hour.  It  is 
admitted  that  we  have  no  locomotives  of  American  build  which  will  nearly  equal  this  perfor- 
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The  Pennsylvania  de  Olehn  locomotive  is  a  good  example  of  careful  attention  to  keeping  down 
dead  weight,  especially  in  the  moving  machinery.  This  engine  weighs  164,000  pounds,  22  tons 
per  driving  axle  and  60  pounds  per  square  foot  of  heating  surface.  The  above  figures  may  be 
compared  to  recent  designs  for  heavy  balanced  compounds  used  on  American  lines.  The  Erie 
compound  Atlantic  weighs  28-75  tons  per  driving  axle,  and  the  Pennsylvania  Railroad  compound 
Atlantic^  built  by  the  Baldwin  Locomotive  Works,  weighs  30  tons  per  axle.  This  engine  weighs 
200,000  pounds  and  has  a  total  heating  surface  of  2,864  square  feet,  the  ratio  being  about 
70  pounds  per  square  foot.  These  weights  per  axle  are  nearly  double  the  limits  imposed 
by  Germany  and  Austria,  but  the  engines  are  not  twice  as  powerful  as  the  examples  we  have 
named. 

It  may  be  said  that  a  definite  weight  on  drivers  is  necessary  for  adhesion  in  large  locomotives,, 
but  by  careful  attention  to  design  it  is  often  possible  to  keep  the  total  weight  down  so  that  an 
Atlantic  type  locomotive  with  only  four  drivers  will  perform  the  required  service  without  resort- 
ing to  the  Pacific  type  with  six  drivers.  Some  improvement  has  been  made  in  reducing  the 
weight  of  valve  gears  of  American  locomotives,  by  abandoning  eccentrics  and  placing  the  valve 
gear  on  the  outside.  This  change  has  incidentally  reduced  the  weight  of  the  moving  parts,  but 
it  was  not  made  specially  for  this  purpose,  but  because  heavy  eccentrics  could  not  be  operated 
successfully  and  they  became  so  troublesome  that  it  was  not  possible  to  keep  them  in  order  in  the 
cramped  position  between  the  frames. 

The  aim  of  American  builders  has  apparently  been  to  produce  the  heaviest  locomotive  possible^ 
while  no  effort  is  directed  to  the  production  of  the  most  powerful  locomotive  with  a  given  weight. 
With  competing  locomotive  builders,  it  ought  to  be  possible  to  obtain  some  improvement  in  eflS- 
ciency  on  a  weight  basis,  as  well  as  in  the  mere  matter  of  cost.  Locomotive  specifications  could 
require  a  certain  ratio  of  total  weight  of  engine  to  square  foot  of  heating  surface,  and  to  pounds 
of  tractive  power.  Little  or  no  effort  appears  to  be  directed  to  the  limitation  of  weight  in  the 
construction  of  American  passenger  cars,  and  the  excessive  weight  of  modern  equipment  is  largely 
the  result  of  this  neglect.  A^^ile  safety  should  be  a  first  consideration,  careful  attention  to 
design  of  structural  details  would  often  save  a  considerable  amount  of  dead  weight  without  any 
sacrifice  of  the  safety  features. 
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GOVERNMENTAL    REGULATION    IN    THE    UNITED  STATES, 

By  Logan  G.  McPHERSON. 

LBCTURER  OPf  TRANSPORTATION  JOHN  0PKIN8  UNIVBRSITT  OP  BALTIMORB  (MARYLAND). 


In  pursuance  of  the  purpose  to  grant  to  the  Federal  Government  the  least  measure 
of  power  consistent  with  what  was  then  deemed  its  effectiveness,  the  framers  of  the 
American  Constitution  decreed  to  Congress  only  that  degree  of  control  over  the 
conduct  of  transportation,  which  may  be  deduced  from  the  following  clause  : 
Section  Vill.  The  Congress  shall  have  power...  Clause  3 — .  To  regulate  commerce 
>vith  foreign  nations,  and  among  the  several  States  and  with  the  Indian  tribes. 

At  that  time  when  but  an  insignificant  fraction  of  the  products  of  any  one  State 
was  shipped  to  and  marketed  in  another,  it  goes  without  saying  that  the  adjustment 
of  the  new  government  was  not  designed  to  meet  the  present  conditions  under  which 
the  commodities  consumed  within  the  State  of  production  are  but  an  insignificant 
fraction  of  those  that  are  carried  across  State  bounderies. 

The  early  concern  of  the  State  governments  with  the  provision  of  transportation 
facilities  did  not  extend  beyond  the  building  and  maintenance  of  post-roads  and  of 
canals.  For  these,  charters  were  granted  when  necessary.  The  charters  for  the 
first  railroads  were  issued  by  the  respective  Stales,  and  this  custom  has  continued 
until  the  present.  Even  although  the  nation,  to  encourage  the  development  of  out- 
lying regions,  in  former  years  granted  thousands  of  acres  of  the  public  domain  to 
companies  that  built  railroads  through  the  wilderness  and  over  the  uninhabited 
plains,  these  companies  obtained  their  charters  from  individual  States. 

From  1830  until  checked  by  the  panic  of  1857,  the  construction  of  the  railroads 
was  rapid,  the  extent  of  their  mileage  soon  surpassing  that  of  the  canals.  Their 
shares  and  securities  were  eagerly  taken  by  individuals,  counties  and  towns  and  in 
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cases  by  Slates.  There  was  little  or  no  attempt  at  adjustment  by  legislation  of  the 
differences  that  arose  between  the  carriers,  their  patrons,  and  the  bodies  politic. 
This  was  the  period  of  laissez  faire. 

The  renewed  activity  that  succeeded  the  Civil  War  resulted  in  the  extension  of 
railroads  far  beyond  the  immediate  needs  of  the  regions  which  they  served.  The 
ensuing  strife  for  traffic  led  to  discriminations  between  shippers  and  communities 
that  in  many  cases  were  outrageous,  and  to  rate  wars  that  were  burdensome  both 
to  the  railroads  and  the  communities.  As  neither  shipper  nor  railroad  knew  what 
rates  rival  shippers  were  paying  or  rival  railroads  were  charging,  each  shipper  would 
strive  to  undersell  and  each  railroad  to  undercharge  the  other,  and  this  led  to  a 
chaotic  condition  entailing  loss  upon  all  concerned.  Different  States  began  to 
establish  railroad  commissions  with  powers  varying  from  that  of  investigation  and 
conciliation  to  that  of  prescribing  rates.  The  wrath  of  the  people,  that  was  not  by 
any  means  entirely  without  justification,  caused  certain  of  the  Western  States  to 
enact  overly  stringent  legislation  known  as  the  "  granger  laws  ",  which  after  a  few 
years  were  found  to  work  more  injury  through  the  repression  of  activity  than  had 
been  entailed  by  the  preceding  lack  of  legislative  restraint,  and  they  were  modified 
or  repealed.  State  commissions  have,  however,  been  established  at  one  time  and 
another,  until  now  in  thirty-five  Stales,  there  are  commissions  of  various  kinds  with 
widely  different  powers  The  effectiveness  of  a  commission  depends  of  course  not 
only  upon  the  statute  but  upon  the  personnel.  In  certain  States,  their  performance 
has  been  admirable;  in  others  their  activity  is  negligible ;  in  yet  others,  by  hard  and 
fast  rules,  they  have  retarded  the  development  of  the  State  which  created  them. 

By  act  of  Congress  passed  in  1866,  the  railroads  of  the  different  States  were 
^lutliorized  to  join  in  the  formation  of  through  lines  for  the  carriage  of  freight  and 
passengers  from  one  State  to  another.  This  legislation,  authorizing  the  through 
billing  and  through  ticketing  of  through  traffic,  practically  marks  the  development 
of  the  strife  between  the  railroads  carrying  such  traffic,  the  giving  of  rebates,  the 
securing  of  business  by  fair  means  or  foul.  As  the  railroads  hold  their  charters 
from  State  governments,  and  as  there  is  no  Federal  law  save  such  as  is  enacted  by 
Congress,  there  was  practically  no  appeal  to  the  courts  in  so  far  as  interstate  traffic 
was  concerned,  although  one  or  two  judicial  decisions  are  of  record  indicating  that 
there  was  not  entire  absence  of  such  relief  had  it  been  sought. 

The  waging  of  warfare  and  the  indulgence  in  piratical  practices  was  if  anything 
more  disastrous  to  the  railroads  than  to  their  patrons,  and  the  administrative 
officers  of  the  rival  lines  endeavored  incessantly  to  terminate  the  one  and  extermi- 
nate the  other  by  agreements  as  to  rates  and  stipulations  as  to  their  uniformity. 
The  desire  to  obtain  business,  and  the  pressure  of  communities  and  patrons,  how- 
ever, was  stronger  than  the  so-called  "  gentlemen's  agreements  "  none  of  which 
endured  for  very  long.  As  a  further  step  toward  enforcing  agreements  as  to  rates 
and  practices,  there  arose  the  device  of  apportioning  to  each  of  the  competing  lines 
between  principal  centers,  a  percentage,  of  the  competitive  traffic.     If  a  line  secured 
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less  than  its  agreed  percentage,  the  difference  was  made  up  by  the  other  lines ;  if  it 
secured  more,  it  was  obliged  to  divide  the  excess  between  the  other  lines.  Such 
an  arrangement  was  known  as  a  pool.  Sometimes  the  division  was  made  between 
the  competing  lines  on  the  basis  of  tonnage,  —  a  tonnage  pool ;  sometimes  on  the 
basis  of  revenue,  —  a  money  pool.  Heavy  deposits  were  made  by  each  of  the 
agreeing  lines  to  be  surrendered  as  forfeit  in  case  of  violation  of  the  agreement; 
The  first  traflSc  pool  was  that  entered  into  by  the  lines  between  Chicago  and  Omaha 
in  1870.  The  railroads  of  the  South,  that  had  resumed  their  activity  under  espe- 
cially distressing  and  demoralizing  conditions,  entered  in  1875  into  an  agreement 
drawn  by  the  master  hand  of  Albert  Fink,  who  at  a  later  date  became  the  Commis- 
sioner of  the  Trunk  Line  Association  which  was  formed  in  1877. 

Although  perfection  was  not  attained  in  the  operation  of  the  pools,  a  certain  sta- 
bility was  given  to  rates,  and  unjust  discriminations  were  materially  diminished. 
During  the  seventeen  years  of  their  existence,  the  average  ton-mile  rates  decreased 
from  nearly  2  cents  to  about  1  cent,  a  sufficient  proof  that  the  decline  in  rates 
was  not  arrested  because  of  the  pools.  The  continual  improvements  in  construction 
of  road  and  equipment  and  in  methods  of  operation  decreased  the  cost  of  transpor- 
tation, while  the  efforts  of  traffic  managers  to  increase  the  traffic  by  extending 
markets  lowered  the  rates. 

The  agreements  and  practices  unfortunately  designated  by  the  word  "  pool  " 
were  however  never  favoured  by  the  people  in  general.  It  was  thought  that  they 
entrenched  the  railroads  in  monopoly  and  there  was  a  violent  clamor  for  their 
abolition.  At  that  time,  there  was  as  there  is  now  a  confusion  of  ideas  between  the 
making  of  rates  and  the  granting  of  rebates,  a  misconception  of  the  source  of  the 
genuine  abuses  in  railroad  practice.  There  was  public  agitation  unquestionably  due 
in  part  to  objectionable  and  often  tyrannical  conditions  fostered  by  some  railroads 
^t  some  times,  but  also  in  large  part  due  to  unreasoning  condemnation  of  many 
practices  that  have  since  been  proved  unobjectionable  and  often  beneficial.  This 
and  the  fact  that  there  really  was  no  Federal  legislation  covering  interstate  traffic  led 
to  the  passage  of  the  Interstate  Commerce  Act  taking  effect  April  5,  1887. 

This  act  which  practically  applied  the  principles  of  the  common  law,  which  inhere 
in  the  unlimited  jurisdiction  of  the  State  courts,  to  the  regulation  of  interstate  traffic 
by  the  Federal  courts  provided  : 

1*  That  charges  for  transportation  must  be  reasonable  and  just;  prohibiting  any 
unjust  discrimination  by  special  rates,  rebates  or  other  devices  and  any  undue  or 
unreasonable  preferences; 

2*»  That  there  should  not  be  a  greater  charge  for  a  short  haul  than  for  a  long  haul 
over  the  same  line  in  the  same  direction  under  substantially  similar  circumstances 
and  conditions; 

3^  Prohibited  the  pooling  of  freights  and  the  division  of  earnings; 

¥  Prohibited  any  device  to  prevent  the  continuous  carriage  of  freights; 
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5°  Provided  for  the  publicity  and  filing  with  the  Commission  of  all  tariffs ; 

6°  The  Interstate  Commerce  Commission  created  by  the  Act  is  given  power  to 
investigate  complaints  against  carriers,  and  to  make  reports  of  its  investigation  in 
writing; 

V  The  Interstate  Commerce  Commission  is  authorized,  in  case  it  finds  that  the 
carrier  has  violated  the  law,  to  order  it  to  desist  and  make  reparation  for  injury  done. 
In  case  these  orders  are  not  obeyed,  the  Commission  is  empowered  to  proceed  in  a 
summary  way  to  have  the  Circuit  Court  of  the  United  States  enforce  them. 

It  will  be  observed  that  there  is  nothing  in  this  Act  conferring  power  upon  the 
Commission  to  fix  a  specific  rate;  it  has  many  times  been  stated  by  those  who 
framed  the  bill,  that  there  was  no  intention  to  confer  this  power,  and  their  statement 
is  borne  out  by  the  reports  of  the  debate  in  Congress  at  the  time. 

The  effectiveness  of  the  Interstate  Commerce  Commission  is  shown  by  the  fact  that 
from  its  organization  on  April  5,  1887,  to  December  31,  1904,  it  had  received  four 
thousand  and  twelve  complaints,  an  average  of  about  two  hundred  a  year,  of  which 
three  thousand  two  hundred  and  twenty-three  were  informal  and  settled  by  friendly 
mediation.  Of  the  seven  hundred  and  eighty-nine  formal  complaints,  almost  half 
were  settled  by  agreement  or  withdrawn.  Of  the  three  hundred  and  fifty-nine  cases 
of  which  the  Commission  has  disposed,  in  the  two  hundred  and  ninety-seven  formal 
decisions  which  it  has  rendered,  a  trifle  more  than  one  half  have  been  decided  in 
favour  of  the  complainants,  the  remainder  having  been  dismissed.  In  but  forty-five 
cases  have  the  railroads  refused  or  neglected  to  obey  the  orders  of  the  Commission. 
Of  these  forty-five  cases  which  have  been  appealed,  the  courts  have  rendered  deci- 
sions in  thirty-five,  and  in  but  three  of  these  has  the  order  of  the  Commission  been 
sustained. 

Notwithstanding  this  record,  the  Interstate  Commerce  Commission  during  the 
last  several  years,  has  fomented  agitation  for  the  increase  of  its  powers,  asserting 
that  the  right  to  determine  and  make  effective  a  specific  rate  was  conferred  upon  it 
by  the  original  Act  and  taken  away  after  its  exercise  for  ten  years.  The  Commis- 
sion by  formal  resolution  directed  its  secretary  to  conduct  a  propaganda  towards 
having  this  power  conferred  upon  it. 

About  two  years  ago,  the  Commission  caused  to  be  circulated  statements  that 
because  of  increases  in  freight  charges,  the  railroads  had  obtained  for  the  year 
1903  a  revenue  exceeding  by  155  million  dollars  that  which  would  have  been 
obtained  under  the  rates  charged  in  1899.  These  and  other  figures  which  were 
embodied  in  a  report  to  the  United  States  Senate,  entitled  Senate  Document  257, 
the  railroads  at  once  condemned,  as  having  been  obtained  by  inaccurate  calculation 
from  incorrect  premises.  The  railroads  state  that  the  increased  revenue  was  but 
about  68  million  dollars;  that  the  comparison  was  with  the  year  when  rates  owing 
to  the  depression  following  the  year  1893  had  been  reduced  to  the  lowest  level  in 
the  history  of  American  railroads;  that  the  rates  for  1903  were  less  than  for  1895  or 


Digitized  by 


Google 


—  1765  — 

any  preceding  year,  and  that  moreover  the  increase,  which  was  but  a  trifle  over 
5  per  cent,  was  but  nominal  in  that  the  prices  for  material  consumed  by  the  rail- 
ways, and  the  wages  paid  by  them,  had  increased  in  the  same  period  from  15  to 
25  per  cent. 

Although  there  had  been  little  if  any  complaint  as  to  the  charge  of  exorbitant 
rates  by  4jhe  railroads  in  the  preceding  decade,  it  seldom,  if  ever  being  claimed  any 
where  by  anybody  that  the  rates  of  the  American  railroads  have  prohibited  traffic 
from  moving;  although  the  amendment  to  the  Interstate  Commerce  Law  known  as 
the  Elkins  Act  approved  February  19,  1903,  materially  strengthened  the  procedure 
against  railroads  guilty  or  suspected  to  be  guilty  of  rebates  and  unjust  discrimina- 
tions, the  agitation  fomented  by  the  Commission  for  the  increase  of  its  powers, 
together  with  the  clamor  stimulated  by  certain  dissatisfied  and  for  the  most  part 
unimportant  shippers,  who  had  failed  to  adjust  themselves  to  the  economic  current, 
led  to  the  passages  by  the  House  of  Representatives  in  the  spring  of  1905,  of  the 
Esch-Townsend  Bill  which  gave  the  Commission  authority  to  fix  a  rate  and  to  put 
it  in  effect,  which  gave  the  Commission  authority  over  any  **  rate,  regulation  or 
practice  "  of  a  railroad  company. 

When  this  bill  reached  the  Senate,  it  was  referred  to  its  Committee  on  Interstate 
Commerce,  which  arranged  for  a  series  of  hearings  of  the  representatives  of  all  inte- 
rests involved.  The  testimony  taken  by  that  Committee  formed  the  basis  of  the 
elaborate  discussion  which  continued  throughout  the  press  and  at  public  meetings 
until  the  convening  of  the  fifty-ninth  Congress  in  December,  d905.  The  message  of 
the  President  to  Congress  at  that  time  stated  that  legislation  was  needed  not  so 
much  to  prevent  the  imposition  of  rates  unreasonable  in  themselves,  but  to  prevent 
unjust  discriminations  between  persons  and  places,  and  that  therefore,  the  Interstate 
Commerce  Commission  should  be  empowered  to  determine  upon  complaint  what 
should  be  the  maximum  rate  thereafter  to  be  charged  by  the  carrier,  which  should 
be  in  effect  unless  reversed  by  the  courts. 

There  was  introduced  in  the  House  of  Representatives  and  passed  by  that  body  on 
February  8,  1906,  the  Hepburn  Bill  which  contained  provision  for  the  fixing  of  a 
maximum  rate  by  the  Conmiission ;  but  did  not  modify  the  existing  law  in  regard  to 
rebates,  and  made  no  provision  for  the  appeal  by  a  railroad  to  the  Federal  courts 
in  case  it  should  desire  to  contest  a  rate  fixing  order. 

The  Hepburn  Bill  was  referred  by  the  Senate  to  the  Committee  on  Interstate 
Commerce,  which  after  deliberation  extending  over  several  weeks,  reported  it 
without  amendment  and  without  recommendation.  Thereupon  ensued  a  mem- 
orable debate  which,  however,  was  but  little  concerned  with  the  economic  phases 
of  transportation  or  with  the  voluminous  evidence  taken  by  the  Senate  Committee 
on  the  general  subject  during  its  hearings  of  the  previous  spring.  The  speeches 
dwelt  almost  entirely  upon  the  legal  aspects  it  being  evident  that  the  Senate 
desired  to  pass  an  adequate  bill  that  would  be  constitutional  :  many  doubts  had 
been  expressed  that  the  Hepburn  Bill  would  meet  this  test. 
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During  the  session  numerous  bills,  other  than  that  proposed  by  Representative 
Hepburn,  were  introduced  in. both  Houses,  the  most  conspicuous  bearing  the  name 
of  Senator  Foraker.  The  Senior  Senator  from  Obio  frankly  opposed  the  Hepburn 
Bill  from  the  start.  In  his  opinion  the  clause  of  the  Constitution  according  to 
Congress  the  right  to  "  regulate  "  commerce  between  the  States  and  territories  could 
not  be  construed  into  authorizing  Congress  to  definitely  fix,  or  delegate  the  power 
to. fix,  under  any  circumstance,  a  specific  rate  for  transportation.  He  held  that 
relief  from  unjust  practices  of  the  railroads  and  abuses  in  their  administration 
should  be  obtained  by  direct  resort  to  the  courts;  and  his  bill  provided  that  at  the 
instance  of  a  complainant,  there  should  be  instant  prosecution  at  the  expense  of  the 
government,  before  a  Federal  court,  which  would  restrain  an  extortionate  rate, 
rebate  or  discrimination. 

The  discussion,  however,  centered  upon  the  Hepburn  Bill,  which  had  been  passed 
by  the  House  and  was  favoured  by  the  President  of  the  United  States.  With  various 
amendments,  it  was  passed  by  the  Senate,  and  after  prolonged  consideration  by  the 
Conference  Committee  was  finally  passed  and  approved  June  29.  By  joint  resolu- 
tion it  took  effect  sixty  days  thereafter,  on  August  28,  1906, 

The  Bill  provides  : 

a)  That  as  "  common  carriers  "  under  the  Interstate  Commerce  law  shall  be 
included  companies  transporting  oil  by  pipe  lines,  express  companies,  sleeping  car 
companies;  all  switches,  tracks, terminal  facilities ;  and  that "  transportation  "  under 
the  law  shall  include  all  cars  regardless  of  their  ownership,  and  all  service  in  transit. 

This  extension  of  the  law  is  intended  in  the  case  of  sleeping  car  and  express 
companies  to  secure  a  greater  publicity  for  their  tariff's  and  operations;  in  the  case 
of  companies  transporting  oil  by  pipe  lines,  to  prevent  discrimination  of  the  com- 
panies owning  the  pipe  lines  in  favour  of  their  own  product.  Switches,  tracks, 
terminal  facilities  and  all  cars  —  all  of  which  are  largely  owned  by  the  industrial 
corporations  —  are  included  because  they  have  frequently  been  used  as  agencies  to 
obtain  an  undue  proportion  of  the  regular  railroad  rates,  which  has  been  equivalent 
of  course  to  the  securing  of  cut  rates  and  rebates. 

h)  Prohibits  the  issue  of  passes,  with  certain  specified  exceptions  that  cover 
mainly  employees,  either  direct  or  collateral;  and  for  religious  and  charitable  pur- 
poses ;  fixing  a  penalty  in  case  of  violation  that  shall  apply  to  both  the  giver  and  the 
recipient. 

The  issue  of  passes  to  favoured  shippers,  that  had  been  a  great  abuse  in  previous 
years,  was  much  mitigated  by  the  passage  of  the  original  Interstate  Commerce  Act. 
There  remained  the  issue  of  passes  to  public  officers  and  for  political  purposes  in 
general.  This  issue  which  became  a  source  of  great  abuse  both  by  the  politicians 
and  by  the  railroad  companies,  to  which  it  has  been  a  tremendous  burden,  is  now 
forbidden. 
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c)  Makes  it  unlawful  after  May  1, 1908»  for  any  railroad  company  to  transport  for 
sale  any  commodities  in  which  it  may  have  a  proprietary  interest,  except  lumber  and 
its  products. 

This  prohibition  has  grown  out  of  the  fact  that  in  a  few  cases  railroad  companies 
have  concealed  what  in  actuality  has  been  a  cut  rate,  by  marking  off  the  difference 
on  the  books  of  the  merchandise  department.  In  nearly  every  case,  this  device  has 
been  resorted  to  to  conceal  cut  rates  on  coal  from  mines  operated  by  a  separate 
company  subsidiary  to  and  controlled  by  the  railroad  company.  As  however  in 
several  cases  a  railroad  company  is  permitted  by  its  original  charter  granted  by  a 
State  to  own  coal  lands,  it  remains  to  be  seen  what  will  be  the  constitutional 
construction  of  this  provision. 

It  is  difficult  to  see  how  the  original  grant  of  the  right  to  own  coal  made  by  the 
State  issuing  a  charter  can  be  annulled,  or  in  practice  how  the  shipment  of  such 
coal  can  be  confined  within  State  boundaries.  If  property  in  coal  lands  continues 
to  be  a  right  of  one  railroad  company,  it  is  difficult  to  see  how^  it  can  be  denied  to 
another  and  a  competing  company. 

d)  Provides  that  a  common  carrier  shall  provide,  when,  practicable  and  upon 
reasonable  terms,  a  switch  connection  for  any  applicant  who  shall  furnish  sufficient 
business  to  justify  its  operation. 

Here  again  the  animus  has  been  the  complaint  of  would  be  coal  operators  that  one 
or  another  railroad  company  would  not  afford  them  facilities  for  shipment.  Bitu- 
minous coal  is  so  plentiful  in  certain  regions  of  the  United  States  and  the  opening 
of  a  mine  attended  with  so  little  expense,  that  there  is  the  incessant  attempt  during 
times  of  prosperity  for  small  operators  with  insufficient  capital  and  insufficient 
facilities  in  every  respect  to  enter  the  market.  It  is  indisputable  that  the  railroad 
companies,  for  the  sake  of  preventing  the  demoralization  that  inevitably  follows  such 
haphazard  attempts,  as  well  as  to  conserve  the  orderly  use  of  their  equipment,  have 
exercised  discretion  in  regard  to  the  provision  of  shipping  facilities. 

e)  Makes  more  explicit  the  specification  as  to  the  filing  of  tariffs,  especially 
providing  for  the  posting  and  filing  of  through  tariffs,  and  the  acceptance  of  the 
through  rates  quoted  in  such  tariffs  by  such  carriers  participating  therein ;  fixing 
penalty  for  violation. 

This  amendment  makes  no  change  in  the  spirit  and  not  a  great  deal  in  the  letter 
of  the  provision  of  the  original  law. 

P  Provides  that  "  every  person  or  corporation,  whether  carrier  or  shipper,, 
who  shall  knowingly  offer,  grant,  give  or  solicit,  or  accept,  or  receive  rebates, 
concessions,  or  discrimination  shall  be  deemed  guilty  of  a  misdemeanor,  and  on. 
conviction  thereof  shall  be  punished  by  a  fine  of  not  less  than  i,000  or  more  than 
20,000  dollars  ".  Moreover,  any  person,  whether  officer  or  director,  agent  or 
employee  convicted  or  such  misdemeanor  "  shall  be  liable  to  imprisonment  in  the 
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penitentiary  for  a  term  not  exceeding  two  years,  or  both  fine  and  imprisonment  in 
the  discretion  of  the  court  ". 

This  is  a  drastic  provision  against  the  insidious  abuse  that  has  admittedly  been 
the  greatest  eril  in  the  conduct  of  railroad  transportation  in  the  United  States.  It 
was  inserted  in  the  bill  by  the  United  States  Senate,  and  is  entirely  in  line  with  the 
recommendation  and  request  of  the  representative  railroad  managers. 

g)  Provides  for  the  publication  of  the  reports  and  the  decisions  of  the  Commission 
and  their  acceptance  as  evidence. 

h)  Empowers  the  Commission,  if  upon  complaint  it  finds  that  a  rate,  or  any 
/egulation  of  practice  affecting  a  rate  is  **  unjust  or  unreasonable,  or  unjustly 
discriminatory,  or  unduly  preferential,  or  prejudicial  "  to  determine  and  prescribe 
a  maximum  rate  to  be  charged  thereafter  and  modify  the  regulation  or  practice 
pertaining  thereto.  This  includes  the  prescription  of  a  through  rate  and  the  appor- 
tionment thereof  between  carriers  parties  thereto.  Orders  of  the  Commission  shall 
take  effect  in  not  less  than  thirty  days  and  continue  in  force  not  exceeding  two  years, 
unless  suspended  or  set  aside  by  the  Commission  or  a  court  of  competent  jurisdiction. 

The  form  and  phrase  of  this  amendment  were  the  crux  of  the  controversy  that 
raged  for  a  year  and  a  half.  It  was  at  first  proposed  by  the  administration  that  the 
Interstate  Commerce  Commission  be  given  final  power,  upon  complaint,  to  fix  a 
specific  rate.  The  railroads  strenuously  objected  to  the  enactment  of  such  legis- 
lation pointing  out  that  it  would  not  only  impair  their  administration  but  work  to 
the  injury  of  the  commerce  of  the  country.  The  amendment  as  passed,  however, 
effects  a  radical  change.  Under  the  original  Interstate  Commerce  Law  the  burden 
of  proof  in  the  courts,  that  an  order  was  just,  laid  with  the  Commission.  This 
amendment  throws  upon  a  railroad  company  not  desiring  to  obey  an  order  of  the 
Commission  the  burden  of  appeal  to  the  courts  and  proof  therein  that  the  order  is 
unjust. 

i)  Empowers  the  Commission  to  award  damages  against  a  carrier  in  favour  of  a 
complainant. 

j)  Provides  for  forfeit  to  the  United  Slates,  in  case  of  neglect  to  obey  an  order  of 
the  Commission,  in  the  sum  of  5,000  dollars  for  each  offense,  each  violation  and  each 
day  of  its  continuance  to  be  deemed  a  separate  offense. 

This  is  obviously  a  very  heavy  penalty  designed  to  prevent  any  procrastination  on 
the  part  of  a  railroad  company  in  carrying  out  an  order  of  the  Commission. 

k)  Empowers  the  Commission  to  apply  to  a  circuit  court  for  the  enforcement  of  its 
order,  other  than  for  the  payment  of  money;  for  the  appeal  by  either  party  to  the 
Supreme  Court  of  the  United  States;  and  that  no  order  of  the  Commission  shall  be 
suspended  or  restrained,  except  on  hearing,  after  not  less  than  five  days  notice  to 
the  Commission. 
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I)  Provides  for  the  rehearing  by  the  Commission,  upon  application,  at  its  dis- 
cretion. 

m)  Authorizes  the  Commission  to  require  annual  reports  from  all  common  car- 
riers, that  shall  contain  specified  information;  to  prescribe  the  form  of  any  and  all 
accounts,  records  and  memoranda  to  be  kept  by  carriers,  making  it  unlawful  for  the 
carriers  to  keep  any  other  accounts,  records,  or  memoranda  than  those  prescribed 
and  approved  by  the  Commission ;  provides  that  all  accounts  of  the  carriers  shall  be 
open  to  the  inspection  of  the  special  agents,  or  examiners  employed  by  the  Com- 
mission. 

It  was  feared  by  some  of  the  railroads  that  the  prohibition  from  keeping  '^  any 
other  accounts,  records  or  memoranda  than  those  prescribed  and  approved  by  the 
Commission  ",  would  interfere  with  the  elaborate  memoranda  used  as  the  basis  of 
the  several  systems  of  statistics  to  which  the  foremdst  of  the  American  railroads 
admittedly  owe  a  large  share  of  their  excellence.  It  is  not  impossible  that  friction 
may  arise  upon  this  point,  but  the  prospect  at  present  is  that  the  Commission  is  not 
inclined  to  the  arbitrary  exercise  of  its  power  under  this  provision. 

n)  Provides  that  a  common  carrier  issuing  a  through  bill  of  lading  shall  be 
responsible  for  loss,  damage  or  injury  to  the  property  covered  thereby  upon  the 
lines  of  any  company  over  which  it  may  pass,  leaving  it  to  the  line  issuing  the  way 
bill,  to  gain  recovery  from  another  line  upon  which  loss,  damage  or  injury  may  have 
occurred. 

This  amendment  was  enacted  at  the  request  of  the  bankers,  who  desired  that  a  bill 
of  lading  be  ail  entirely  safe  and  negotiable  security  The  railroads  were  inclined 
to  protest,  but  it  is  not  likely  that  they  will  contest  the  point  further. 

o)  Enlarges  the  Interstate  Commerce  Commission  from  five  to  seven  members,  with 
terms  of  seven  years,  increasing  the  salary  from  7,500  to  10,000  dollars  per  annum. 

Throughout  the  public  discussion  prior  to  the  convening  of  the  fifty-ninth  Con- 
gress, the  railroads  had  declared  that  rebates  were  practically  of  the  past ;  that  there 
was  abundant  provision  in  the  Interstate  Commerce  law  and  the  Elkins  law  for  the 
detection,  prosecution  and  punishment  of  offenders  in  this  respect  if  the  Interstate 
Commerce  Commission  would  avail  of  the  authority  conferred  upon  it  under  these 
laws.  The  former  claim  was  largely  disproved  and  the  latter  substantiated  during 
the  months  immediately  preceding  the  enactment  of  the  Hepbifrn  Bill  by  the  fact 
that  the  Commission,  through  investigation  and  prosecution  more  vigorous  than  had 
been  its  wont,  discovered  many  cases  of  rebates  and  brought  the  offenders  to 
penalty.  Inasmuch  as  the  railroads  had  besought  Congress,  for  their  own  protec- 
tion, to  strengthen  the  law  against  rebates,  if  such  strengthening  were  possible,  it  is 
fair  to  presume  that  the  drastic  provisions  inserted  by  the  Senate  in  the  Hepburn  Bill 
meet  with  the  concurrence  and  the  acceptance  of  the  railroads  and  the  public  alike. 

Investigation  of  the  Commission  in  the  year  prior  to  the  enactment  of  the  Hepburn 
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Bill  also  unearthed  other  practices  of  certain  railroads  that  were  condemned  by  the 
public  in  general ;  their  exposure  seems  certain  to  act  as  a  substantial  preventative 
of  their  recurrence. 

There  is  reason  to  hope  that  the  diffusion  of  knowledge  as  to  the  underlying  prin- 
ciples of  correct  railroad  practice,  together  with  well-balanced  action  of  the  Com- 
mission under  the  new  law,  will  lead  to  a  better  and  wider  accord  between  those 
charged  with  the  administration  of  the  railroads,  the  public  whom  they  serve,  and 
the  government  to  whom  they  are  responsible. 
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BUFFERS 

DURING  SHUNTING  OPERATIONS  AND  DURING  THE  BRAKING  OF  LONG  TRAINS, 

By  J.  DOYEN, 

PRINCIPAL  BNGINBBR,  BBLOIAX  STaTB  RAILWAY. 
Fig.  1,  p.    1775. 


The  bufiTer  springs  hitherto  used  are  evidently  too  weak  to  prevent  the  injurious 
effect  of  the  blows  which  wagons  give  each  other. 

Hardly  any  attemps  have  been  made  to  make  them  stronger,  the  reason  being 
that  there  was  no  particular  advantage  in  having  a  spring  capable  of  taking  up  the 
-whole  energy  developed  by  the  collision  of  wagons.  The  springs  give  out,  in 
expanding,  very  nearly  all  the  work  they  have  momentarily  taken  up,  and  it  is  a 
disadvantage  to  have  this  act  on  the  drawgear,  which  is  comparatively  weak,  when 
it  can  be  absorbed  by  much  stronger  appliances  :  the  buffers,  driven  home,  and  the 
underframe  of  the  wagons. 

Unfortunately  these  appliances,  although  they  are  strong,  have  but  little  elasticity, 
and  the  result  is  violent  shocks  which  break  the  buffer  springs,  the  axle  guards  and 
the  axle  boxes,  injure  the  bodies,  displace  the  frames  and  cause  much  damage  to 
the  load. 

Westinghouse,  in  inventing  his  friction  gear,  was  the  first  to  produce  a  buffer 
-which  transformed  the  greater  part  of  the  energy  concerned  into  heat,  so  that  only 
a  small  proportion  acted  on  the  drawgear. 

It  is  possible  to  calculate  what  amount  of  work  a  buffer  must  be  able  to  take  up 
in  order  to  satisfy  the  requirements  of  actual  practice.  Now  we  know  that  these 
requirements  are  specially  great  during  shunting  operations  and  during  the  applica- 
tion of  continuous  brakes  on  long  trains. 
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I 
Buffers  and  shunting  operations. 

We  are  now  going  to  determine  how  much  work  the  buffers  must  take  up  in 
order  that  a  wagon  of  mass  M  going  at  a  velocity  of  Vq  may  without  shock  run  up 
against  a  wagon  of  mass  m,  standing  still. 

Let: 

a  =  the  initial  stress  of  the  springs ; 

e  =  their  travel  in  metres; 

f=  their  deflection  in  metres  per  kilogram; 

V  =  the  speed  which  the  wagon  run  against  assumes  after  the  buffers  have  been  in  contact  a  time  t ; 

v'  =  the  speed  the  other  wagon  still  has  after  that  time  t ; 

0?  =:  the  travel  of  each  buffer  during  this  time  t. 

The  forcd  acting  during  this  time  t  is  at  every  moment  equal  to 
Therefore,  in  the  case  of  the  wagon  which  originally  was  standing  still, 

mvz=  \Fdi  =  at-\-  j  ^  dt, 

whence 

V  =  ^  t  A I  xdt, 

m  mf  J 

and,  in  the  case  of  the  other  wagon, 

M  (Co  —  «*J  =  at+  \j  dt, 

whence 
It  follows  that 

But  v^  —  V  gives,  at  every  moment,  the  speed  with  which  the  drawgear  between 
the  two  wagons  is  compressed. 
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We  thus  obtain  : 

Now  if  we  take 

$ 

then 

Mx 

*=— ' 

and  equation  (I)  becomes  : 

M  +  m  /       .2  Coisdx\ 


J-  =  »o  — 


Mm 


2  Mm        I      ^  2//' 


when 


and  consequently  the  constant 


C--J-, 


whence 

-»«  _  i?o*  _  2  (M  -f  m) 
"2  ""  T  ""        Mm 


/  a?«\ 

h+2?)- 


In  order  that  contact  may  ensue  without  shock,  it  is  evidently  enough  for  z  to 

0  when  x  =  e. 
What  a  good  buffer  ought  to  do,  is  shown  by  the  equation 


ro«  = 


4(M-f  m);  c« 


Mm 


("+& 


which  may  be  put  in  the  form  : 

I. 


or 


'^''  +  5-J  =  i/u   ■-..«">* («> 


i~2~'  =  4(M  +  m)""'- 
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This  shows  clearly  that  the  first  expression  of  the  equation  represents  the  work 
to  which  the  buffer  is  equal. 

In  the  case  of  two  wagons  having  a  total  mass  of  M  +  wi,  the  amount  of  work  the 
buffers  must  be  able  to  take  up  is  a  maximum  when  M  =  m. 

From  equation  (II)  it  follows  that :         « 

,    e  Mmro* 


f       2  (M  +  w)  e 

The  first  expression  in  this  equation  represents  the  stress  '^  on  the  buffers  when 
-at  the  end  of  their  travel. 
When  M  =  m,  then 

Example.  —  Let : 

M  =  3,000  (corresponding  to  a  20-ton  wagon  with  four  wheels,  loaded); 

e  =  0075; 

a  =  2,000  kilograms  for  the  two  buflfers  at  the  one  end  of  a  wagon. 

Then 

^  =  10,000  t:o«  —  a 

iind  when 

Co  =  1*50  metres, 

which  is  an  ordinary  walking  speed, 

4;  =  20,500,  ' 

which  gives  for  each  of  the  two  buffers  at  the  one  end  of  a  wagon,  d0,2S0  kilograms. 

II 
Buffers  and  continaons  brakes. 

Recent  experiments  made  on  the  Belgian  State  Railway  have  shown  that  a  very 
simple  modification  in  the  Westinghouse  brake  gear  makes  it  possible  to  brake  a 
50- wagon  train  by  means  of  strong  and  inexpensive  apparatus.  A  report  of  these 
very  important  trials  will  be  issued  later  on. 

Here  we  will  merely  state  that  a  trouble  with  the  new  brake  has  been  the  fracture 
of  couplings,  and  that  we  have  to  determine,  what  buffers  are  required  in  the  case 
of  a  80-wagon  train,  equipped  with  the  continuous  brake,  if  the  locomotive  and  train 
part  suddenly. 
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Let: 


OAB  be  the  indicator  diagram  of  the  first  brake  cylinder; 

O'A'B'  be  the  indicator  diagram  of  the  n'^  and  last  cylinder; 

Si,  the  area  of  diagram  OABCO  in  kilogram-seconds; 

«n,  the  area  of  diagram  O'A'B'C'O'  in  kilogram-seconds; 

OC  =  ^4,  the  time  from  the  commencement  of  action  in  the  first  cylinder  till  the  pressure  is  full  on; 

OT/  =  tn,  the  corresponding  time  for  the  last  cylinder; 

T,  the  time  for  transmitting  the  action,  by  means  of  the  main  pipe,  from  one  wagon  to  the  next, 

so  that  00'  =  (n  — 4)  T; 
F,  the  retarding  action  per  wagon. 

As  F  is  at  any  given  moment  proportional  to  the  pressure  in  the  brake  cylinder, 
the  ordinates  of  the  diagram  below  (tig.  i)  give  at  each  moment  the  value  of  F. 

We  may  remark  that  the  time  during  which  the  buffers  are  compressed  is  included 
between  the  moment  0,  when  the  action  begins  in  the  first  cylinder,  and  the 
moment  G  when  pressure  is  full  on  in  the  last  wagon  and  consequently  in  all  the 
wagons  of  the  train.    The  length  of  this  time  is  (n  —  4)  T  +  tn* 


•0    <xx£r  AM^tn 


ivp« 


0' 
Fig.  .1. 
Explanation  ofFrtnch  tenm  «•  Axe  des  efforts  s=  Stress  ordinate.  —  Axe  des  temps?  =  Time  ordinate. 


c 


The  amount  of  motion 


m  [vq  —v)  =  ^Fdt 


lost  by  the  first  wagon  during  this  lime,  is  measured  by  the  area  of  diagram  OABB'C'O. 
This  is  equal  to 

OABC  +  BC  (GO'  +  O'C  -  OC), 

that  is  to  say  to 

5|  +  F  [^n  -  1)  T  +  tn  -  hi 

whereas  the  amount  lost  by  the  last  wagon  during  the  same  time  is  Sn» 
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The  difference  between  these  two  amounts  is  thus  : 

F  [(n  —  i)  T  +  tn  —  h]  +  *i  —  Sn. 

As  this  difference  is  produced  during  the  time  (n  —  1)  T  +  tny  it  follows  that  the 
mean  force  which  produces  the  recoil  of  the  first  wagon  relatively  to  the  last  wagon, 
during  the  compression  of  the  train,  is  : 

^  F  [(71  -  i)  T  +  ^n  -  U]  +  S,-Sn 
^'  (n—i)T  +  tn 

which  can  be  put  in  the  form  : 

F  f  T  -4-  ^^~^*  _  ^n  -  ^1  ] 

L    "^  n  —  1         F  (n  —  1)J 


?!  =  • 


T4       "^ 


n—i 


Similarly  we  obtain  for  the  mean  force  which  acted  on  each  of  the  wagons  during 
its  recoil  relatively  to  the  last  wagon  : 


["^n  —  a        ¥(n-it)l 
T+     '** 


n  — 2 


and 


?n-l=- 


F[T  +  ^n-^n^|-'"-/^-^] 


T  +  tn 


It  will  be  seen  that  the  exact  determination  of  the  values  ?i,  vj  ...  ^n-i  depends 
on  knowing  the  areas  Si,  s^  »*»  Sn  and  the  times  t^,  t^  ...  In]  that  is  to  say,  on  the 
indicator  diagrams  showing  the  pressures  in  each  of  the  cylinders. 

But  a  much  smaller  number  of  diagrams  may  be  worked  from,  if  we  assume  that 
between  two  given  diagrams  the  areas  s  and  the  times  t  vary  by  a  constant  amount 
from  one  wagon  to  the  next. 

A  fair  result  may  even  be  obtained  from  the  diagrams  of  the  first  and  last 
cylinders  only;  and  in  order  to  simplify  the  explanation  of  the  method,  we  will 
take  this  case. 

We  thus  have 

and  we  assume  that  if 


'i.  'n*,      Si,  Sn\ 


tn  —  ti        =  (n  —  1)  a, 
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And  similarly  that  if 
then  : 
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tn  —  h        =  (n  —  2)  a. 
tn-h        =  («  —  3)  a. 

5n  -  *i  =  (n  -  1)  PF, 

5n  —  *i  =  (n  —  2)  ^F, 
*n  —  «3  =  (n  —  3j  pF. 


Sn- 

-5„«,==PF. 

The 

equations 

for  the 

mean  forces  then  become  : 

?i 

?i 

T4-      '" 

^  +  .»  -  a 

<p.,  _ 

,  =  F^-^'-? 

T  +  tn 

Let  us  put  /  for  the  length,  in  metres,  by  which  each  of  the  couplings  can  contract; 
/  is  equal  to  twice  the  travel  of  the  buffers  plus  the  distance  between  the  bufifers  when 
the  couplings  are  stretched;  for  at  the  moment  when  drawgear  breaks  the  couplings 
are  evidently  stretched. 

During  the  compression  of  the  train,  the  recoil  of  the  first  wagon  relatively  to  the 
last  is  thus  equal  to  (n  —  1)  /,  and  as  the  force  ?i  has  acted  over  this  distance  the 
work  produced  by  the  recoil  is 

?i  (w  —  1)  I' 
The  corresponding  amounts  of  work,  for  the  other  wagons,  are 

?a  (n  —  2)  ; 

and 

Now  if  we  put 

^l(n-i)^  +  ?i('i  — 2)7+...c,,_, /  =  Q     .......     (Ill; 

V.  XI  124 
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Then  Q,  the  sum  of  these  different  amounts  of  work,  will  be  the  amount,  ittT 
kilogram-metres,  which  the  buffers  must  be  able  to  take  up,  in  order  that  the 
braking  may  take  place  without  shock. 

Thus  each  coupling  must  be  able  to  take  up     _  .  kilogram-metres,  that  is  to 

say,  each  of  the  four  buffers  j^ — ZTT  '^^'ogr^tm-metres. 

If  a  is  the  initial  stress,  ^  the  stress  at  the  end  of  the  travel,  and  e  the  travel  of  the 
buffers,  then  : 

Q 


Equation  III  will  be  discussed  in  the  report  of  the  brake  trials,  referred  to  above. 

If  we  determine  the  value  of  ^  by  means  of  equation  IV,  measuring  T,  t,  s  on  the 
diagrams  obtained  with  air  brakes,  we  find  that  the  buffers  now  used  are  not  equal 
to  their  work. 

It  is  certainly  possible  to  improve  brakes  still  further;  but  there  is  no  doubt 
that  buffers  of  high  final  resistance,  necessary  for  shunting  purposes,  will  much. 
facilitate  the  solution  of  the  problem  and  that  the  greater  the  amount  of  work  the^ 
buffers  can  take  up,  the  more  powerful  and  effective  the  brakes  can  be. 
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By  Dr.  W.  F.  M.  GOSS, 


Compilation  from  a  poblioation  by  the  Pennsylvania  Railroad  entitied  :  ''  LocomotiTe 
tests  and  ezhilits.    The  PennsyWania  Railroad  System  at  the  Louisiana  Purchase  Exposition  **. 


Figs.  1  to  25.  pp.  1784  to  1815. 


The  Pennsylvania  locomotive  tests. 

The  Pennsylvania  Railroad  System  has  recently  brought  to  a  conclusion  a  research  of  unusual 
magnitude  and  value.  Beginning  with  an  announcement  of  its  plans  in  the  spring  of  1903(^),  it  has 
designed  and  constructed  a  locomotive  testing  plant  and  has  equipped  it  with  accessory  apparatus 
of  every  sort ;  it  has  secured  the  co-operation  of  national  engineering  societies  in  the  formation 
of  an  advisory  conmiittee  which  has  assisted  in  directing  the  more  scientific  phases  of  the  work ; 
and  it  has  made  its  plant  accessible  to  other  railway  companies  which  have  furnished  locomotives 
for  the  tests.  In  the  working  out  of  its  plans,  the  testing  plant  was  made  to  constitute  a  part  of 
the  Pennsylvania's  exhibit  at  the  Louisiana  Purchase  Exposition,  where  during  the  period  of  the 
exposition,  tests  were  made  upon  a  considerable  number  of  locomotives  under  the  unrestricted 
inspection  of  the  public.  In  outlining  the  teats,  it  was  early  decided  that  no  time  should  be 
spent  in  an  experimental  study  of  details,  but  that  the  effort  should  be  to  establish,  by  carefully 
chosen  methods,  the  performance  under  ordinary  working  conditions  of  a  number  of  typical 
locomotives.  As  a  result  of  this  plan,  the  performance  of  eight  different  locomotives  has  been 
determined.  A  description  of  these  and  an  elaborate  presentation  of  the  data  derived  from  the 
one  hundred  and  three  tests  which  were  run,  together  with  conclusions  based  upon  these  data, 
constitute  portions  of  a  handsome  volume  of  more  than  seven  hundred  pages,  recently  issued  by 
the  Pennsylvania  Railroad  System.  It  is  from  the  pages  of  this  volume  that  the  material  herein 
contained  has  been  derived. 

.The  iuel.uaad  for  .all  tests  was  a  bititminona  ooal  of  high  quality.     The  beating  valued  a 
pound  of  dry  coal  averaged  more  than  14,000  B.  T.  U.    Its  composition  was  as  follows  : 

Fixed  carbon T  75*85 

Volatile  combustible 16*25 

Ajsh 700 

Moisture 0*90 

100*00 

(*}  Vide  Bulletin  of  the  Railway  Congress,  No.  1,  January,  1904,  p.  88,  and  No.  4,  April,  1904, 
p.  335. 
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All  locomotives  tested  were  run  in  accord  with  a  fixed  schedule.  To  avoid  irregularities 
arising  from  differences  in  the  diameter  of  drivers,  the  speeds  of  this  schedule  were  selected  with 
reference  to  the  revolutions  of  the  drivers.  The  standard  speeds  for  freight  locomotives  were  40, 
80  and  160  and  240  revolutions  per  minute,  and  for  passenger  locomotives  80,  160,  260  and 
320  revolutions  per  minute.  The  provisions  for  observing  the  action  of  the  locomotives  under 
test  were  elaborate,  and  all  instruments  occupied  similar  locations  upon  all  machines.  The 
thoroughness  which  characterized  the  work  may  be  judged  from  the  fact  that  the  log  sheets  of 
each  test  contained  399  items,  many  of  which  were  the  averaged  values  of  many  observations. 
Four  of  the  locomotives  tested  were  for  freight  and  four  were  for  passenger  service.  Two  of  the 
freight  locomotives  were  simple  and  two  were  compound,  while  all  of  the  passenger  locomotives 
were  of  the  four-cylinder  balanced  compound  type,  one  being  of  French  design  and  manufacture, 
one  of  German  and  two  of  American.  It  happened  that  three  of  the  locomotives  tested  —  a  simple 
engine,  a  two  cylinder  compound  and  a  four-cylinder  compound  —  were  built  by  the  American 
Locomotive  Company.     The  following  tabulated  stratement  will  be  convenient  for  reference. 

THR    LOCOMOTIVES    TESTED. 


PrM«nt«d  for  tMt  by 

a 

fi 

SarviM. 

a 

DMoriptlon. 

By  whom  manufaoturtd. 

Pennsylvania  Railroad   .    .    . 

Lake  Shore  A  Michigan  SouUi- 
ern  Railway 

Michigan  Central  Railroad  .    . 

Atchison,  Topcka  &  Santa  Fe 
Railway 

Atchison,  Topeka  A  Santa  Fe 
Railway 

Hanover  Locomotive  Works    . 

New  York  Central  &  Hudson 
River  Railroad 

1499 
734 

585 
929 
535 
628 
30C10 

Freight. 
Passenger. 

2-9-0 
2«0 
2-&0 
2-10-i 
4-4-2 
4  1-2 
442 
4- J-.' 

Simple. 

Two-cylinder  compound. 

Four-cylinder  tandem 
compound. 

Four-cylinder  balanced 
compound. 

Four-cylinder  balanced 
compound  with  superheater. 

Four-cylinder  balanced 
compound. 

Four-cylinder  balanced 
compound. 

Pennsylvania  Railroad 
Company. 

American  Locomotive 
Company. 

American  Locomotive 
Company. 

Baldwin  Locomotive 
Works. 

Baldwin  Locomotive 
Works. 

Hanover  Ix)comotive 
Works. 

American  Locomotive 
Company. 

Alsacienue  Company. 

Pennsylvania  Railroad    .     .     . 

2512 

JRESOLUTIONS  OF  THE  ADVISORY  COxMMITTEE. 

At  its  concluding  meeting,  held  in  Philadelphia,  June  12'^,  1905,  the  following  preamble  and 
resolutions  were  adopted  by  the  Advisory  Conmiittee  : 

That  Whereas  :  The  Advisory  Committee,  representing  various  scientific  and  technical 
interests  in  the  tests  of  locomotives  at  the  Louisiana  Purchase  Exposition,  having  completed  its 
formal  work,   and  desiring  to   express  its  appreciation  of  the   action   of  the   Pennsylvania 
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Railroad  System  in  conceiving,  planning  and  executing  these  tests,  now  makes  of  record  the 
fact  that  : 

**  The  Pennsylvania  Railroad  System  has  brought  into  existence  an  entirely  new  testing  plant, 
designed  for  mounting  either  freight  or  passenger  locomotives,  and  capable  of  absorbing  for  an 
indefinite  period  the  maximum  power  of  a  modern  locomotive,  when  running  at  any  rate  of  speed 
between  1 0  ;^a  75  miles  per  hour ; 

*•  It  has  caused  to  be  designed  and  cor.;^tructed  a  dynamometer  capable  of  registering  the 
tractive  power  of  the  heaviest  locomotives,  and  at  .he  same  time  so  sensitive  as  to  indicate  the 
slightest  variation  in  the  force  it  may  exert; 

**  It  has  purchased  and  standardized  instruments  and  apparatus  for  use  in  securing  all  data 
which  has  been  deemed  to  be  of  scientific  interest; 

••  It  has  organized  a  complete  corps  of  observers,  engineers,  and  computers  to  carry  out  the 
tests,  and  to  record,  tabulate  and  analyze  the  results; 

*'  It  has  invited  and  secured  the  co-operation  of  scientific  and  icchnical  men  of  this  and 
other  countries  to  assist  in  placing  the  tests  upon  the  highest  scientific  plane  possible  in  such 
work; 

**  It  has  overcome  difficulties,  in  many  cases  perplorliig  and  serious,  incident  to  the  carrying 
out  of  such  a  work  as  a  part  of  a  great  Intei  iiaiional  Exposition ; 

*'  It  has,  as  a  result  of  its  effort,  defined  the  action  of  eight  different  typical  locomotives  as 
regards  the  performance  of  the  boiler,  the  engine  and  of  the  locomotive  as  a  whole,  under  many 
different  conditions  of  operation,  making  of  record  a  mass  of  information  concerning  the  economic 
performance  of  the  modern  locomotive  of  great  immediate  value,  and  supplying  a  basis  of  compar- 
ison which  will  prove  useful  for  many  years  to  come; 

'•  It  has  met  the  expense  of  equipping  and  operating  the  plant  with  an  unstinted  hand,  always 
holding  considerations  of  cost  subordinate  to  the  definite  object  of  making  the  tests  as  complete 
and  valuable  as  possible,  notwithstanding  the  fact  that  the  amounts  involved  have  been  far  greater 
than  have  ever  been  appropriated  to  any  similar  undertaking ;  and 

**  It  has  undertaken  a  broad  plan  of  publication  which  is  to  result  in  making  all  its  data 
derived  from  tests,  and  all  conclusions  based  thereon,  together  with  a  description  of  methods  and 
means  employed,  all  in  great  detail,  accessible  to  railroad  officials  and  locomotive  designers 
throughout  the  world ; 

Therefore,  Be  It  Resolved, 

**  That  the  Advisory  Committee  expresses  its  appreciation  of  the  part  taken  by  the  organized 
staff  concerned  in  conducting  this  work; 

•*  It  recognizes  that  special  credit  is  due  to  Mr.  J.  J.  Turner,  third  vice-president,  and 
Mr.  Theo.  N.  Ely,  chief  of  motive  power,  for  their  efforts  in  securing  the  interest  and  the  favour- 
able action  of  the  Pennsylvania  Railroad  System  in  behalf  of  the  proposed  work,  for  the  broad 
views  which  have  prompted  them  in  giving  it  their  general  direction,  and  for  the  interest  they 
have  shown  in  the  maintenance  of  the  high  standards  which  have  marked  its  progress ; 

**  To  Mr.  F.  D.  Casanave,  for  the  able  manner  in  which  he  has  effected  a  working  organization, 
for  his  successful  efforts  in  securing  locomotives  to  be  tested,  for  the  skill,  earnestness  and  freedom 
from  fri<ttion  with  which  he  has  managed  the  entire  work ; 

*•  To  Mr.  A.  W.  Gibbs,  for  his  enthusiastic  personal  support  and  for  the  fullness  with  which  he 
has  made  available  the  resources  of  the  Motive  Power  Department ; 

**  To  Mr.  A.  S.  Vogt,  for  a  design  of  testing  plant  of  unusual  beauty  and  perfection  of  details. 
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and  of  such  excellence  in  operation  that  under  severe  con  litions  of  service,  interruptions  were 
more  frequently  due  to  locomotive  defects  than  to  diflScuItiei  with  the  plant ; 

•*  To  Mr.  E.  D.  Nelson,  for  the  efficiency  with  whioh  he  organized  and  managed  the  expert  staffs 
and  for  the  ability  shown  in  dealing  with  all  scientific  questions  involved; 

•*  To  Mr.  G.  L.  Wall  and  his  efficient  staff  of  assistants  for  the  devotion  shown  in  the  operation 
of  the  plant,  tlicir  ability  and  determination  in  overcoming  difficulties,  their  skill  in  maintaining 
running  conditions,  and  cndr  painstaking  efforts  in  securing  accuracy  in  results.  ** 

W.  F.  M.  Goss. 
H.  H  Vaughan, 
J.  E.  Sagce, 

E.  M.  Herr, 

F.  H.  Clark, 

C.    H.    QUBRKAU, 
H.    V.    WiLLB, 

W.  A.  Smith. 

Advisory  Committee, 


Simple  oonsolidation  locomotiTe  Pennsylvania  Railroad  No.  1499. 

The  first  locomotive  placed  on  the  testing  plant  was  built  by  the  Pennsylvania  Railroad  and 
was  of  a  standard  ^2-8-0;  type  employed  in  heavy  freight  service.  It  belonged  to  the  * '  H6a  class  " 
according  to  the  railroad  company's  classification  and  was  designated  as  No.  1 499.  The  locomotive 
wss  received  at  St.  Louis  directly  from  the  Altoona  shops  where  it  had  been  built.  Unlike  other 
locomotives  tested,  it  had  not  been  prepared  for  the  test  by  the  preliminary  service  on  the  road, 
but  as  the  first  machine  upon  the  testing  plant,  it  was  employed  to  break  in  the  plant  and  in  this 
manner  was  worked  under  steam  for  a  considerable  time  before  being  subjected  to  tests  for 
record. 

The  boiler  pressure  during  the  several  tests  of  this  locomotive,  as  averaged  from  all  observa- 
tions taken,  ranged  from  177  to  203  pounds.  The  minimum  evaporation  per  hour  for  any  test 
was  10,828  pounds  and  the  maximum  25,896  pounds.  The  latter  performance  is  equivalent  to 
an  evaporation  per  foot  of  heating  surface  per  hour  of  12*39  pounds  and  to  the  development  of 
891  "3  boiler  horse- power.  Coal  was  fired  at  rates  per  hour  ranging  from  1,116  pounds  to 
4,252  pounds.     The  maximum  evaporation  per  pound  of  dry  coal  was  11*53  pounds. 

The  maximum  indicated  power  of  engine  1 499  was  1 ,036  and  its  cylinder  performance  was  the 
more  efficient  of  the  two-simple  locomotives  tested.  It  developed  a  horse  power  for  one  hour  on 
23*  13  pounds  of  dry  steam.  It  happened,  however,  that  losses  in  the  transmission  of  power  from 
the  cylin  !ers  to  the  draw-bar,  arising  from  the  friction  of  its  machinery,  were  comparatively 
large,  due  in  part  doubtless  to  the  newness  of  the  locomotive  when  tested.  Its  machine  efficiency 
varied  between  the  limits  of  72  89  per  cent  and  84*82  per  cent.  Losses  from  this  source  reached 
the  high  limit  of  24S  horse-power  at  a  speed  of  160  revolutions  per  minute. 

With  reference  to  the  performance  of  the  locomotive  as  a  whole,  it  appears  that  the  maximum 
average  draw-bar  pull  for  any  test  was  22,078  pounds  whioh  was  maintened  at  a  nominal  speed 
of  80  revolutions  per  minute.  Higher  draw-bar  pulls  were  not  attempted  because  of  fluctuations 
in  the  pressure  of  twe  water  supply,  by  which  friction  brakes  were  controlled.     This  variable 
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water  pressure  which  for  a  time  introduced  serious  problems  in  the  operation  of  the  plant  made 
it  difficult  to  control  the  load  on  the  brakes,  and  when  the  load  was  heavy  caused  frequent  slipping 
of  wheels.  The  maximum  dynamometer  horse-power  was  848*6.  The  coal  per  dynamometer 
horse-power  ranged  between  the  limits  of  3"54  pounds  and  6*  48  pounds.  The  results  show  that 
the  coal  consumption  per  unit  power  developed  at  the  draw-bar  increased  as  the  speed  increased. 
A  summary  of  the  data  from  all  the  tests  is  set  forth  in  table  I. 

Principal  dimensions  of  locomotive  No.  1499. 

Total  weiglit,  lb 194,200 

Weight  on  drivers,  lb 173,200 

Cylinders  ^simple),  inches 22  X  28 

Diameter  of  drivers,  inches 56 

Fire-box  heating  surface,  square  feet 166*4 

Heating  surface  in  tubes  (water  side),  square  feet 2,677*27 

Total  heating  surface  (based  on  water  side  of  tubes),  square  feet  .     .     .  2,843 "67 

Total  heating  surface  (based  on  fire  side  of  tubes),  square  feet.     .     .      .  2,482*26 

Grate  area,  square  feet 49  •  2 

Boiler  pressure,  lb 205 

Valves Richardson  balanced 

Link  motion Stephenson 

Fire-box,  type Belpaire 

Number  of  tubes 373 

Outside  diameter  of  tubes,  inches 2 

Length  of  tubes,  inches 164*5 

Simple  consolidation  locomotive  Lake  Shore  &  Michigan  Southern  Railway,  No.  734. 

The  second  locomotive  tested  was  built  at  the  Brooks  Works  of  the  American  Locomotive 
Company,  and  was  submitted  for  test  by  the  Lake  Shore  &  Michigan  Southern  Railway.  It  was 
of  the  consolidation  (2-8-0)  type,  belonged  to  class  B-1  of  the  railroad  company's  classification, 
and  was  designated  as  No.  734.  This  locomotive  and  the  Pennsylvania  consolidation  (No.  1499), 
already  described,  were  the  only  two  simple  locomotives  tested.  They  were  practically  identical 
n  their  dimensions,  excepting  as  to  the  size  of  their  grates.  While  the  fire-box  of  the  Pennsyl- 
vania locomotive  extended  out  over  the  wheels,  that  of  this  locomotive  was  confined  in  width  to 
the  space  between  the  wheels,  the  area  of  the  grate  being  but  0*69  of  that  of  the  locomotive 
already  described. 

During  the  tests  of  this  locomotive,  the  lowest  boiler  pressure  was  192'8  pounds  and  the 
highest  204  pounds.  Moisture  of  the  steam  in  the  dome  did  not  exceed  1*6  per  cent,  and  it  was 
regarded  as  somewhat  significant  that  this  quality  was  apparently  not  affected  by  changes  in  the 
rate  of  evaporation.  The  equivalent  evaporation  per  foot  of  heating  surface  ranged  from  4  38  to 
12*05  pounds  per  hour,  the  maximum  boiler  horse-power  delivered  being  8875.  Coal  was  fired 
at  rates  varying  from  1,109  pounds  to  4,695  pounds  per  hour,  and  the  equivalent  evaporation 
per  pound  of  dry  coal  was  between  the  limits  of  10*7  pounds  and  6*5  pounds.  The  greatest 
power  and  the  best  cylinder  performance  were  obtained  from  a  cut-off  of  27  per  cent  and  under 
a  speed  of  160  revolutions.  Under  these  conditions,  1,054  indicated  horse-power  were  devel- 
oped upon  a  consumption  of  but  23*92  pounds  of  steam  per  indicated  horse-power. 
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The  maximum  draw-bar  pull  which  was  sustained  for  any  test  was  24,522  pounds.  Greater 
traction  was  not  attempted  because  of  the  imperfect  action  of  the  friction  brakes  of  the  testing 
plant,  arising  from  variation  in  the  pressure  of  the  water  supply.  The  maximum  dynamometer 
liorse-power  was  897,  and  the  coal  consumption  per  dynamometer  horse-power  was  as  low 
as  3*36  pounds  and  for  no  test  greater  than  5*54  pounds.  The  minimum  steam  consumption 
per  dynamometer  horse-power  was  26*26  pounds.  The  machine  efficiency  of  this  locomotive 
>  remarkably  high  for  a  freight  locomotive  having  four  coupled  axles,  being  in  some  cases  in 
;  of  90  per  cent,  while  that  of  locomotive  No.  1499  never  exceeded  85  per  cent.  This 
result  was  attributed  to  the  fact  that,  in  anticipation  of  the  tests,  locomotive  No.  734  had  been 
subjected  to  a  long  period  of  preliminary  running  upon  the  road.  The  lubrication  of  this 
engine,  also,  was  effected  by  means  of  oil,  while  that  of  the  Pennsylvania  engine  involved  the 
■se  of  grease.  A  summary  of  the  data  from  all  the  tests  with  this  locomotive  is  set  forth  in 
iaa>len. 

Principal  dimensions  of  locomotive  No.  734. 

Total  weight,  lb 181,300 

Weight  on  drivers,  lb 162,600 

Cylinders  (simple),  inches 21X30 

Diameter  of  drivers,  inches 63 

Fire  box  heating  surface,  square  feet 218*92 

Heating  surface  in  tubes  (water  side),  square  feet  ' 2,638*97 

Total  heating  surface  (based  on  water  side  of  tubes),  square  feet    .      .      .     2,857*89 
Total  heating  surface  (based  on  fire  side  of  tubes),  square  feet .      .      .  2,541*22 

Grate  area,  square  feet 33  76 

Boiler  pressure,  lb 200 

Valves Allen-Richardson 

Link  motion Stephenson 

Fire-box,  type Narrrow,  on  top  of  frames 

Number  of  tubes 338 

Outside  diameter  of  tubes,  inches 2 

Length  of  tubes,  inches 178*94 

Compound  consolidation  locomotive  Michigan  Central  Railroad,  No.  585. 

The  third  engine  tested  was  built  at  the  Schenectady  Works  of  the  American  Locomotive 
Company  and  was  submitted  for  test  by  the  Michigan  Central  Railroad.  It  was  of  the  consoli- 
dation (2-8-0)  type,  belonged  to  class  W  of  the  railroad  company's  classification,  and  was 
designated  as  No.  585.  This  locomotive  was  a  two-cylinder  cross-compound.  It  was  a  true 
receiver  engine,  the  volume  between  the  cylinders  being  sufficiently  large  to  prevent  undue 
fluctuation  in  pressure  during  such  portions  of  the  revolution  as  are  represented  by  the  difference 
in  time  which  marks  the  valve  action  upon  the  two  sides  of  the  engine.  Its  boiler  was  somewhat 
larger  than  that  of  the  simple  locomotives  already  described  and  was  designed  for  a  higher 
pressure.     Its  principal  dimensions  are  given  on  page  1790. 

The  lowest  boiler  pressure  for  any  test  made  upon  this  locomotive  was  205*8  pounds.  The 
evaporation  per  hour  was  between  the  limits  of  9,475  pounds  and  23,311  pounds,  the  maximum 
limit  representing  the  development  of  799  boiler  horse-power.     The  evapoi^ation  per  square  foot 
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of  heating  surface  ranged  from  3-97  to  978  pounds  per  hour.  Coal  was  fired  at  rates  per  hour 
which  were  between  the  limits  of  1,013  pounds  and  2.767  pounds,  and  the  evaporation  per 
pound  of  dry  coal  was  between  the  limits  of  12*01  and  9*24  pounds.  This  locomotive  developed 
a  maximum  of  1,041  indicated  horse-power.  Its  best  cylinder  performance  was  obtained  when 
the  cut-off  in  the  high-pressure  cylinder  was  46  per  cent  of  the  stroke,  and  at  a  speed  of  80  revo- 
lutions per  minute  (15  miles  per  hour).  Under  these  conditions,  the  steam  consumption  reached 
the  low  limit  of  19  54  pounds  per  indicated  horse-power  hour.  Two  tests  were  run  for  which 
the  c(:»nsumption  was  below  20  pounds  and  no  test  under  a  full  throttle  gave  a  consumption  which 
was  greater  than  23*18  pounds^ 

The  maximum  dynamometer  horse-power  developed  was  980  and  the  amount  of  dry  coml 
consumed  per  dynamometer  horse-power  was  as  low  as  2*14  pounds,  and  never  greater  thui 
3*61  pounds.  Under  most  favourable  conditions,  its  consumption  of  steam  per  dynamometer 
horse-power  hour  was  but  21*06  pounds.  Not  only  was  the  cylinder  and  boiler  performance  rf 
this  locomotive  high,  but  its  machine  efficiency  also  was  most  satisfactory,  values  ranging  between 
the  limits  of  79  and  94  per  cent. 

In  the  twenty-two  working  days  during  which  this  engine  occupied  the  plant,  fourteen  tests 
were  made.  Twelve  days  were  lost  through  the  necessity  fort  adjustments  upon  the  plant,  and 
but  three  days  on  account  of  the  locomotive.  It  was  driven  to  high  power  and  under  whatever 
conditions  it  was  run,  it  gave  no  trouble  and  its  efficiency  was  high.  A  summary  of  the  datm 
from  all  tests  is  set  forth  by  table  III. 

Principal  dimensions  of  locomotive  No,  585. 

Total  weight,  lb 189,000 

Weight  on  drivers,  lb 164,500 

Cylinders  (compound),  inches 23  and  35  X  32 

Diameter  of  drivers,  inches 63 

Fire-box  heating  surface,  square  feel 165*69 

Heating  surface  in  tubes  (water  side),  square  feet 3,015*34 

Total  heating  surface  (based  on  water  side  of  tubes),  square  feet    .     .     .     3, 181  '03 
Total  heating  surface  (based  on  fire  side  of  tubes),  square  feet.     .     .     .     2,819-20 

Grate  area,  square  feet 49  43 

Boiler  pressure,  lb 210- 

Valves,  high  pressure,  piston ;  low  pressure Allen-Richardson ' 

Link  motion Stephenson 

Fire-box,  type Radial  stay,  wide 

Number  of  tubes 363 

Outside  diameter  of  tubes,  inches 2 

Length  of  lubes,  inches 190*38 

Compound  Santa  Fe  t3rpe  locomotive  Atchison,  Topeka  &  Santa  Fe  Railway,  No.  929. 

The  fourth  locomotive  tested  was  built  by  the  Baldwin  Locomotive  Works  and  was  submitted' 
for  test  by  the  Atchison,  Topeka  &  Santa  Fe  Raih-oad.  It  was  of  the  **  Santa  Fe  "  (2-10-2)  tjpe, 
and  belonged  to  class  900,  according  to  the  railroad  company's  classification.  This  locomctiTe 
was  a  four-cylinder  tandem  compound,  having  a  boiler  designed  for  a  working  pressure  o£ 
225  pounds.     It  was  equipped  with  Stephenson's  link-motion  driving  piston  valves.     With 
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respect  to  extent  of  heating  surface,  area  of  grate  and  weight  on  driyers,  it  exceeded  all  other 
locomotives  tested.    Its  principal  dimensions  are  given  Ijelow. 

During  the  tests  of  this  locomotive,  an  accident  deprived  the  plant  of  the  use  of  some  of  its 
brakes,  making  it  impossible  to  develop  the  full  power  of  the  locomotive  at  low  speed,  and  as  no 
tests  were  made  at  speeds  above  80  revolutions  per  minute,  the  results  do  not  serve  to  establish 
the  maximum  capacity  of  the  boiler  nor  the  full  power  of  the  cylinders.  It  was  found  that 
without  provisions  for  absorbing  the  longitudinal  vibrations,  it  was  impracticable  to  run  the 
locomotive  on  the  plant  at  speeds  much  above  80  revolutions  a  minute.  The  average  boiler 
pressure  while  under  test  was  never  less  than  213  pounds  nor  greater  than  218  pounds.  The 
highest  evaporation  was  at  the  rate  of  31,877  pounds  per  hour,  or  the  equivalent  of  1,067  boiler 
horse-power.  The  evaporation  per  square  foot  of  heating  surface  was  between  the  limits  of 
3  pounds  and  8*55  pounds  per  hour,  the  maximum  rate  being  less  than  that  of  any  other  boiler 
tested.  While  the  dome  of  this  locomotive  was  low  and  the  throttle  very  near  the  water  line, 
yet  so  long  as  the  rate  of  evaporation  did  not  exceed  30,000  pounds  per  hour,  the  steam  delivered 
was  of  high  quality.  The  coal  fired  per  hour  ranged  between  1,111  pounds  and  4,299  pounds, 
and  the  evaporation  per  pound  of  coal  varied  between  the  limit^of  8*56  pounds  and  1 1  -63  pounds. 
The  lowest  speed  at  which  any  test  was  run  was  6*7  miles  per  hour  and  the  highest  was  13*6  miles 
per  hour. 

Notwithstanding  the  limiting  conditions  already  referred  to,  this  locomotive  was  driven  to  the 
development  of  1,258  indicated  horse-power.  The  best  cylinder  performance  was  obtained 
when  running  with  a  cut-off  of  41  per  cent  and  80  revolutions,  under  which  conditions  the  steam 
consumption  per  indicated  horse-power  hour  was  20*98  pounds. 

The  machine  eflSciency  ranged  between  80  per  cent  and  90  per  cent,  values  which  may  be 
accepted  as  high  for  a  locomotive  having  five  coupled  axles.  The  maximum  dynamc  meter 
horse-power  delivered  by  the  locomotive  was  1,136.  Its  coal  consumption  per  dynamometer 
horse-power  was  as  low  as  2-7  pounds  and  under  no  conditions  exceeded  3*74  pounds.  The- 
lowest  steam  consumption  per  dynamometer  horse-power  was  23*68  pounds. 

A  sunmiary  of  the  data  from  the  several  tests  run  is  presented  as  table  IV. 

Principal  dimensions  of  locomotive  No.  929. 

Total  weight,  lb 285,740 

Weight  on  drivers,  lb 233,760 

CyliDders  (compound),  inches 19  and  32  X  32 

Diameter  of  drivers,  inches 56*5 

Fire-box  heating  surface,  square  feet 216*36 

Heating  surface  in  tubes  (water  side),  square  feet 4,601*00 

Total  heating  surface  (based  on  water  side  of  tubes),  square  feet    .     .     .     4,817*36 
Total  heating  surface  (based  on  fire  side  of  tubes),  square  feet  ....     4,306*13 

Grate  area,  square  feet 58*41 

Boiler  pressure,  lb 225 

Valves Piston 

Link  motion Stephenson 

Fire-box,  type Radial  stay 

Number  of  tubes 393 

Outside  diameter  of  tubes,  inches .     .  2*25 

Length  of  tubes,  inches 238*5 
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Compoond  Atlantic  type  locomotive  Pennsylvania  Railroad,  No.  2512. 

The  fifth  locomotive  tested  was  built  from  the  designs  of  Messrs.  de  Glehn  and  du  Bousquet, 
by  the  «  Soci^td  alsacicnne  de  constructions  m^aniques  »,  at  Belfort,  France*  and  had  been 
purchased  and  imported  for  the  tests  by  the  Pennsylvania  Railroad.  It  was  of  the  Atlantic 
(4-4-2)  type,  and  was  known  in  the  railroad  company's  classification  as  No.  2512.  With  the 
exception  of  a  few  unimportant  modifications,  this  locomotive  was  the  exact  duplicate  of  a 
number  of  machines  furnished  by  its  builders  to  the  Northern  Railway  of  France.  Separate 
valve  gears  served  to  drive  each  high  and  low  pressure  valve,  and  the  action  of  one  system  of 
valves  could  be  varied  independently  of  the  other.  The  engine  was  of  a  true  receiver  type,  the 
receiver  being  of  considerable  capacity.  It  was  the  only  locomotive  tested  having  Serve  tubes, 
and  as  in  all  cases,  the  fire  side  of  the  tubes  was  taken  as  the  basis  for  all  ciilculations,  the 
deductions  for  this  locomotive  involving  heating  surface  include  the  surface  of  the  ribs  of  the 
tubes.    The  principal  dimensions  of  the  de  Glehn  compound  are  presented  further  on. 

The  boiler  pressure  during  the  progress  of  the  tests  on  this  locomotive,  was  between  206  and 
220  pounds.  The  evaporation  per  hour  was  between  the  limits  of  7,066  pounds  and 
20,184  pounds  per  hour,  the  maximum  boiler  horse-power  being  696.  The  quality  of  the  steam 
delivered  was  at  all  times  high.  Coal  was  fired  at  rates  varying  between  690  pounds  and 
3,038  pounds  per  hour,  the  evaporation  per  pound  of  dry  coal  ranging  from  7*9  pounds  to 
12- 19  pounds. 

The  lowest  speed  at  which  any  test  was  run  was  19  miles  per  hour,  while  the  highest  speed 
was  67  miles  per  hour.  The  highest  indicated  horse-power  was  945.  The  least  steam 
consumption  per  indicated  horse-power  per  hour  was  18*6  pounds,  obtained  at  a  speed  of 
80  revolutions  per  minute.  The  cards  for  this  locomotive  are  smooth  in  outline,  and  show  an 
excellent  distribution  of  steam  except  that  for  some  of  the  tests ;  the  distribution  of  work  between 
the  cylinders  was  not  properly  equalized. 

The  locomotive,  as  a  whole,  operated  on  the  plant  with  great  steadiness.  High  draw-bar  pulls 
were  not  obtained,  because  of  a  belief  on  the  part  of  those  in  charge,  that  a  passenger  locomotive 
should  be  tested  under  such  di-aw-bar  stress  as  can  be  sustained  at  higher  speeds,  where  the 
capacity  of  the  boiler  rather  than  the  adhesion  of  its  drivers  controls  the  limit  of  power.  The 
maximum  draw-bar  pull  was  but  8,615  pounds,  but  the  maximum  dynamometer  horse-power 
was  843.  The  coal  per  dynamometer  horse-power  was  as  low  as  2*  19  pounds,  and  never  higher 
than  5  48  pounds.  The  minimum  steam  consumption  per  dynamometer  horsepower  hour  was 
20*96  pounds.  The  machine  efficiency  was  between  the  limits  of  75  and  89  per  cent.  A  sunamary 
of  the  data  from  all  tests  is  presented  as  table  V. 

Principal  dimensions  of  locomotive  No.  2512. 

Total  weight,  lb 164,000 

Weight  on  drivers,  lb 87,850 

Cylinders  (compound),  inches 14  '/^g  and  23  *V<6  X  25  */4 

Diameter  of  drivers,  inches 80 

Fire-box  heating  surface,  square  feet 177*28 

Heating  surface  in  tubes  (water  side),  square  feet 1,468*87 

Total  heating  surface  (based  on  water  side  of  tubes),  square  feet    ...  1 ,646*  15 

Total  heating  surface  (based  on  fire  side  of  tubes),  square  feet ....  2,656*48 

V.  XI  125 
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Grate  area,  square  feet   ...  33 '  39 

Boiler  pressure,  lb.  per  square  inch  22b 

Valves  ........      "  D"  slide,  H.  P.  balanced;  L.  P.,  not  balanced 

Valve  motion Walschaerts 

Fire-box,  type ....  ...      Belpaire 

Number  of  tubes  (Serve) ...  139 

Outside  diameter  of  tubes,  inches  .      .      , .     .  2^/4 

Length  of  tubes,  inches 176*14 

Compound  Atlantic  type  locomotive  Atchison,  Topeka  &  Santa  Fe  Railroad,  No.  535. 

The  sixth  locomotive  tested  was  built  by  the  Baldwin  Locomotive  Works,  and  was  presented 
for  test  by  the  Atchison,  Topeka  &  Santa  Fe  Railroad.  It  was  a  four-cylinder  baknced  com- 
pound of  the  Atlantic  (4-42j  type ;  it  belonged  to  class  507  of  the  railroad  system's  classification, 
and  was  designated  as  No.  535.  The  two  low-pressure  cylinders  wei-e  outside  of  the  frames  and 
tho  two  high-pressure  cylinders  between  them.  All  cylinders  were  connected  with  the  front  axle. 
In  this  locomotive,  all  cylinders  were  in  line  across  the  locomotive,  so  that  all  connecting  rods 
were  the  same  length.  Steam  was  distributed  to  the  high  and  low-pressure  cylinders  of  each 
side  by  a  single  valve  actuated  by  a  single  valve  gear.  The  principal  dimensions  of  this  locomo- 
tive are  given  later  on. 

The  lowest  boiler  pressure  for  any  test  was  211  pounds,  and  the  highest  was  222  poundf. 
The  evaporation  per  hour  was  between  the  limits  of  8,958  and  34,126  pounds,  the  latter  rate 
agreeing  with  the  development  of  1 ,  187  boiler  horse-power.  The  evaporation  per  foot  of  heating 
surface  per  hour  was  between  3*67  and  14-11  pounds.  Even  at  the  latter  rate,  the  quality  of 
steam  supplied  to  the  throttle  was  good.  The  fact  that  this  locomotive  had  the  largest  boiler 
volume  of  any  passenger  locomotive  tested,  may  have  contributed  to  this  result.  The  rate  at 
which  coal  was  fired  varied  between  875  and  5,831  pounds  per  hour,  and  the  evaporation  per 
pound  of  dry  coal  was  between  6*78  and  12*  17  pounds. 

The  lowest  speed  at  which  any  test  was  run  was  19  miles  per  hour,  and  the  highest  was 
66  miles  per  hour.  This  locomotive,  under  the  conditions  of  a  test,  sustained  a  maximum  of 
1,622  indicated  horse -power. 

The  maximum  recorded  draw  bar  pull  for  any  test  was  12,815  pounds,  and  the  maximum 
output  of  power  at  the  draw- bar  was  1 ,305  horse-power.  The  coal  per  dynamometer  horse-power 
hour  was  as  low  as  2*65  pounds,  and  did  not  exceed  5  6  pounds.  The  machine  eflBciency  ranged 
between  62  and  88  per  cent.  At  high  .speeds,  the  frictional  losses  became  very  significant; 
in  the  case  of  this  locomotive,  the  value  during  several  tests  was  between  300  and  400  horse- 
power, and  in  one  case  was  in  excess  of  500  horse-power.  A  summary  of  the  data  from  all  tests 
is  presented  as  table  VI. 

Principal  dimensions  of  locomotive  No,  535. 

Total  weight,  lb.      ...      , 201,500 

Weight  on  drivers,  lb 99,200 

Cylinders  (compound),  inches 15  and  25  X  26 

Diameter  of  drivers,  inches 79 

Fire-box  heating  surface,  square  feet 220*3 

Heating  surface  in  tubes  (water  side),  square  feet 3,016  71 
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Total  heating  surface  (based  on  water  side  of  tubes),  square  feet    .      .     .     3,237*01 
Total  heating  surface  (based  on  fire  side  of  tubes),  square  feet  ....     2,902*05 

Grate  area,  square  feet 48  36 

Boiler  pressure,  lb 220 

Valves Piston 

Link  motion Stephenson 

Fire-box,  type Wagon  top 

Number  of  tubes , 273 

Outside  diameter  of  lubes,  inches 2  *  25 

Length  of  tubes,  inches 225*14 


Compoond  Atlantic  type  locomotive  Hannoversche  Maschinenbau-Actien-Gesellschaft, 

No.  628. 

The  seventh  locomotive  tested  was  built  by  the  **  Hannoversche  Maschinenbau-Actien-Gesell- 
schaft » ,  and  was  presented  for  test  by  its  builders.  It  was  built  for  the  Hanover  directoi'at^  of  the 
Royal  Prussian  Railway  Administration,  was  of  the  Atlantic  (4-4-'2)  type,  was  referred  to  as  belong- 
isg  to  class  S8  of  the  administration's  classification,  and  was  designated  as  No.  628.  The  locomo- 
tive is  a  four-cylinder  balanced  compound,  all  cylinders  lying  in  the  same  cross-section  of  engine. 
The  two  high-pressure  cylinders  were  between  the  frames,  and  the  two  low-pressure  cylinders 
outside  of  the  frames.  The  four  cylinders  are  all  connected  with  the  forward  axle.  The  valve 
motion  was  the  Heusinger  von  Waldegg,  otherwise  known  as  the  Walschaerts,  modified  by  von 
Borries.  The  valve  arrangement  is  such  that  each  cylinder  has  a  separate  valve,  but  the  valves 
of  one  high  and  one  low-pressure  cylinder  are  actuated  from  a  single  gear.  The  connections  are 
such  that  by  an  ingenious  arrangement  of  essential  levers,  the  cut-off  of  the  low  pressure  cylinder 
is  later  than  that  of  the  high-pressure  cylinder,  and  the  difference  progresses  as  the  cut-ofis  are 
lengthened.  Another  feature  which  distinguished  this  locomotive  from  others  tested  was  the 
Pielock  superheater  with  which  it  was  equipped.  This  consisted  of  a  chamber  within  the  shell 
of  the  boiler,  so  arranged  as  to  utilize  a  portion  of  the  boiler  tubes  as  superheating  surface. 
The  principal  dimensions  of  the  locomotive  are  given  on  page  1801. 

In  the  process  of  conducting  the  tests,  it  was  found  difficult  to  make  the  locomotive  steam. 
This  appeared  to  be  due  to  the  inefficiency  of  the  front-end,  but  may  have  been  in  part  due  to 
the  fact  that  the  coal  used,  while  of  high  quality,  was  unlike  that  employed  in  Germany. 

The  rate  of  evaporation  developed  varied  between  the  limits  of  7,378  and  15,804  pounds  per 
hour,  the  maximum  rate  corresponding  with  11*9  pounds  per  foot  of  heating  surface  per  hour. 
The  quality  of  steam  in  the  dome  before  passing  to  the  superheater,  was  at  all  times  exceptionally 
high,  the  moisture  never  exceeding  0*51  of  one  per  cent.  The  degree  of  superheat  in  the  steam 
after  leaidng  the  superheater  and  just  before  entering  the  dry-pipe,  varied  between  the  limits  of 
161  and  192^  Fahr.  The  amount  St  superheating  did  not  appear  to  be  materially  affected  by 
different  rates  of  evaporation.  The  consumption  of  superheated  steam  reached  the  low  limit 
of  16*6  pounds  per  horse-power  hour,  which  is  equivalent  to  17*82  pounds  of  saturated  steam,  a 
value  far  below  that  obtained  from  any  other  engine  tested.  The  highest  efficiency  obtained  at 
the  draw-bar  was  that  represented  by  a  consumption  of  2-52  pounds  of  coal  and  of  18*74  pounds 
of  superheated  steam  per  dynamometer  horse- power  per  hour.  A  summary  of  all  the  tests  rui> 
is  pi*esented  as  table  VII. 
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Principal  dimensions  of  locomotite  No.  628, 

Total  weight,  lb 133,350 

Weight  on  drivers,  lb ....  65,350 

Cylinders  (compound),  inches 14  ^/sg  and  22  X  23  ^/g 

Diameter  of  drivers,  inches 78 

Fire-box  heating  surface,  square  feet 105 '59 

Heating  surface  in  tubes  (water  side),  not  including  superheater,  square 

feet 1,511-94 

Heating  surface  of  superheater  (fire  side),  square  feet 283 '79 

Total  heating  surface  (based  on  water  side  of  tubes),  including  superheater, 

square  feet 1,932-16 

Total  heating  surface  (based  on  fire  side  of  tubes),  including  superheater, 

.  square  feet 1,753*15 

Grate  area,  square  feet 29- OH 

Boiler  pressure,  lb.  per  square  inch 200 

Vaves High  pressure,  piston;  low  pressure,  Allen  balanced 

Valve  motion von  Borries  simplified  Heusinger  von  Waldegg 

Fire-box,  type Wide 

Number  of  lubes  in  boiler 241 

Number  of  tubes  in  superheater 241 

Outside  diameter  of  tubes,  inches 2 

Length  of  tubes  (not  including  superheater),  inches 143-78 

Length  of  tubes  in  superheater,  inches 29*92 

Compound  Atlantic  type  locomoti?6  New  York  Central  &  Hndson  River  Railroad,  No.  3000. 

The  eighth  and  last  locomotive  tested  at  St.  Louis  was  built  at  the  Schenectady  Works  of  the 
American  Locomotive  Company,  and  was  presented  for  test  by  the  New  York  Central  &  Hudson 
River  Railroad.  It  was  of  the  Atlantic  (4-4-2)  type,  belonged  to  class  Ii  of  the  Company's  clas- 
sification, and  was  designated  as  No.  3000.  It  was  a  four-cylinder  balanced  compound  and,  in 
recognition  of  its  designer,  was  commonly  referred  to  as  a  **  Cole  balanced  compound  ".  The 
locomotive  had  two  high-pressure  cylinders  between  the  frames,  a  little  forward  of  the  smoke- 
box,  and  arranged  to  drive  the  forward  axle,  the  cranks  of  which  were  set  quartering,  and  two 
low-pressure  cylinders  outside  the  frames  driving  the  second  axle.  The  balancing  feature  was 
secured  by  having  each  outside  crank  set  at  1 8C°  with  its  adjacent  inside  crank.  The  distribution 
of  steam  to  each  high-pressure  cylinder  and  to  its  corresponding  low-pressure  cylinder,  was 
accomplished  by  means  of  a  single  valve  driven  by  a  single  gear.  The  principal  dimensions  of 
this  locomotive  are  given  on  page  1803. 

This  locomotive  was  on  the  plant  twelve  days,  during  which  eleven  formal  tests  were  run,  the 
last  at  a  speed  of  320  revolutions  per  minute  or  75  miles  per  hour.  No  other  locomotive  on  the 
plant  was  run  continuously  at  a  speed  as  high  as  this.  The  effect  of  the  system  of  balancing  set 
forth  in  this  engine,  was  proved  to  be  most  satisfactory,  the  engine  running  with  unusual  stead- 
iness upon  the  plant,  even  when  the  speed  was  high. 

The  lowest  steam  pressure  for  any  test  was  209  pounds,  while  the  highest  was  222  pounds. 
The  maximum  pull  developed  at  the  draw-bar  during  any  test  was  12,780  pounds,  this  result 
having  been  obtained  at  a  nominal  speed  of  160  revolutions  per  minute,  and  at  a  cut-cff  in  the 
high-pressure  cylinder  of  55  per  cent.  The  evaporation  per  hour  reached  the  high  maximum  of 
41,1)20  pounds,  which  rate  corresponds  to  the  development  of  1,421  boiler  horse-power.     The 
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maximum  evaporation  per  foot  of  heating  surface  per  hour  was  16-34  pounds.  No  other  boiler 
was  driven  to  as  high  a  maaimum  power,  or  to  as  high  a  capacity  per  unit  of  heating  surface. 
The  power  developed  in  the  cylinders  reached  a  maximum  at  1,641  horse-power,  and  under 
most  favourable  conditions,  the  steam  consumption  was  as  low  as  19*6  pounds  per  indicated 
horse-power  hour.  The  development  of  a  horse-power  hour  at  the  draw-bar,  was  obtained  in 
return  for  2* J©  pounds  of  coal,  and  never  resulted  in  the  consumption  of  more  than  4*65  pounds. 
The  minimum.steam  per  dynamometer  horse-power  was  21  •  19  pounds  per  hour.  A  summary  of 
all  tests  run  is  set  forth  by  table  VIII. 

Principal  dimensions  of  locomotive  No.  3000. 

Total   weight,  lb 200,000 

Weight  on  drivers,  lb 110,000 

Cylinders  (compound),  inches 15  V2  ^^^  26  X  2^ 

Diameter  of  drivers,  inches 79 

Fire-box  heating  surface,  square  feet 151*69 

Heating  surface  in  tubes  (wat<?r  side),  square  feet     .           3,255*27 

Total  he«iting  surface  (based  on  water  side  of  tubes),  square  feet    .      .  3,406*96 

Tot^il  heating  surface  (based  on  fire  side  of  tubes),  square  feel ....  3,000*05 

Grate  area,  square  feet 40  90 

Boiler  pressure,  lb.    ,      .           220 

Valves Piston 

Link  motion Stephenson 

Fire-bo.T,  type Wide 

Number  of  tubes 390 

Outside  diameter  of  tubes,  inches 2 

Length  of  tubes,  inches 191-29 


COMPARISONS    AND   CONCLUSIONS. 

The  purpose  of  the  tests  was  chiefly  to  establish  with  accuracy  the  actual  performance  of 
certain  typical  locomotives,  and  incidentally  to  supply  facts  which  would  serve  in  comparing  the 
performance  of  locomotive  of  different  types.  Such  comparisons  are  made  valuable  by  the  fact 
that  all  tests  were  run  with  coal  from  the  same  mine,  and  that  the  several  locomotives  were 
subjected  to  substantially  the  same  programme  of  tests.  A  comparison  of  some  of  the  more  impor- 
tant proportions  of  the  several  locomotives  is  presented  by  figures  9  to  12. 

Capacity.  —  All  locomotives  which  were  upon  the  plant,  with  the  exception  of  No.  929,  were 
at  some  time  during  the  progress  of  the  tests,  worked  to  the  limit  of  their  boiler  capacity.  The 
maximum  capacity  of  each  boiler  measured  in  terms  of  equivalent  evaporation  per  square  foot  of 
fire-heating  surface  per  hour  is  shown  by  figure  13.  The  values  shown  are  rates  which  were 
maintained  for  a  period  of  at  least  one  hour.  It  will  be  seen  that  the  capacity  ranged  from 
8  */2  to  more  than  16  pounds  of  water  per  foot  of  heating  surface,  and  that  of  all  the  boilers 
tested  that  of  greatest  capacity  was  the  boiler  of  locomotive  No.  3000,  built  at  the  Sche- 
nectady Works  of  the  American  Locomotive  Company.  This  boiler  maintained  an  equivalent 
evaporation  of  over  16  pounds  of  water  per  square- foot  of  heating  surface  per  hour,  which  is 
equivalent  to  the  development  of  a  boiler  horse-power  in  return  for  2*15  feet  of  surface  in  the 
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boiler.  Not  only  was  the  capacity  of  this  boiler  greater  than  that  of  other  boilers,  but  it 
exceeds  the  next  higher  by  more  than  2  pounds.  ' 

The  capacity  of  locomotive  No.  25 1 2  which  was  fitted  with  Serve  tubes,  is  represented  as  figured 
from  a  two-fold  basis.  The  heavy  line  is  its  capacity  when  the  heating  surface  is  made  to  include 
the  actual  area  of  surface  exposed  to  the  heated  gases;  the  heavy  and  light  line  together  represent 
the  capacity  when  the  area  of  the  ribs  of  the  tubes  are  excluded,  that  is,  assuming  the  boiler  to 
have  been  supplied  with  plain  tubes.  While  the  values  of  figure  13  represent  maximum  perfor- 
mance, the  record  for  each  locomotive  being  based  upon  a  single  test,  they  indicate  that  little  or 
no  advantage  is  found  in  the  use  of  Serve  or  ribbed  tubes. 

The  boiler  capacity  of  the  several  locomotives  tested,  as  represented  by  all  tests  run,  is  shown 
graphically  by  figure  14. 

Evaporatice  Efficiency.  —  The  evaporation  per  pound  of  dry  coal,  in  terms  of  coal  burned,  and 
also  in  terms  of  the  rate  of  evaporation,  is  shown  by  figures  15  and  16.  These  diagrams  show 
the  degree  to  which  efficiency  diminishes  as  the  rate  of  power  developed  is  increased.  When  the 
power  is  low,  the  evaporation  per  pound  of  coal  is  between  10  and  12  pounds,  whereas  when 
the  power  developed  is  high,  the  evaporation  declines  to  approximately  two-thirds  of  these  values. 
These  results  will  be  found  to  compare  favourably  with  those  obtained  in  good  stationary  practice, 
but  such  practice  embraces  only  those  conditions  which  in  figures  15  and  16  are  represented  by 
the  extreme  left-hand  portions  of  the  curves.  For  example,  the  rate  of  evaporation  in  stationary 
practice  does  not  often  exceed  4  pounds  of  water  per  foot  of  heating  surface  hour.  The  fact 
that  the  boiler  of  a  locomotive  may  be,  and  often  is,  pushed  to  three  or  four  times  this  capacity 
constitutes  one  of  the  interesting  characteristics  of  the  locomotive  service.  The  best  evaporation 
seems  to  have  been  obtained  from  locomotives  Nos.  585  and  3000,  from  the  former  at  low  power 
and  from  the  latter  at  both  high  and  low  power.  Both  of  these  locomotives  were  built  by  the 
American  Locomotive  Company. 

Grate  Areas.  —  The  tests  do  not  definitely  settle  the  relative  advantage  of  large  and  small 
grates.  They  are,  however,  conclusive  in  proving  that  furnace  losses  arising  from  excess  air 
are  no  greatei*  with  large  grates  properly  fired  than  withi  smaller  ones,  a  fact  which  is  significant 
in  view  of  a  generally  accepted  opinion  to  the  contrary.  There  is,  on  the  other  hand,  some 
positive  evidence  in  favour  of  the  large  grate.  For  example,  it  appears  from  figure  14  that  loco- 
motives Nos.  734  and  929,  which  had  relatively  small  grates,  were  distinctly  inferior  in  capacity 
to  the  locomotives  having  boilers  with  larger  grates. 

The  data  also  contains  a  suggestion  with  reference  to  the  relative  value  of  fire-box  heating 
surface,  as  compared  with  heating  surface  in  tubes.  Locomotives  Nos.  585  and  3000  had  much 
smaller  fire-box  heating  surface  than  the  others,  notwithstanding  which  fact  their  capacity 
(fig.  14;  is  exceptionally  high.  The  evidence,  contrary  to  a  common  assumption,  is  to  the  effect 
that  no  special  advantage  is  to  be  derived  from  large  fire-box  heating  surface;  that  the  tube- 
heating  surface  is  efi*ective  in  absorbing  heat  not  taken  up  by  the  fire-box. 

The  copper  fire-boxes,  with  which  locomotives  Nos.  2512  and  628  were  fitted,  appear  to  have 
given  these  locomotives  no  advantage  over  other  locomotives  either  with  respect  to  economy  or 
efficiency. 

Furnace  Temperature  and  Combustion .  —  Evidences  of  imperfect  combustion  were  looked  for 
in  the  smoke-box  gases,  where  the  presence  of  1  per  cent  of  carbon  monoxide  (CO)  implies  the 
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Dry  ccal  per  square  foot  of  grute  per  hoin. 
Fig.  14.  —  Boiler  capacities. 
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Dry  coal  fired  per  square  foot  of  beutiug  surface,  lb.  per  hour. 
Fig.  15.  —  Boiler  efficiencies  referred  to  coal  per  square  foot  of  heating  surface. 


Equivalent  evaporation,  lb.  per  square  foot  of  heating  surface  per  hour. 
Fig.  16.  —  Equivalent  evaporation. 
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loss  of  combustible  gas  equal  in  heating  value  to  4  per  cent  of  the  coal  fired.  In  most  cases,  it 
was  found  that  the  amount  of  carbon  monoxide  in  the  smoke-box  gases  amounted*  to  hardly  more 
than  a  trace,  being  less  than  Vj  of  1  per  cent.  It  reached  its  maximum  value  in  locomo- 
tives Nos.  1499  and  628  at  approximately  4  per  cent,  an  amount  which  represents  a  fuel 
loss  of  approximately  16  per  cent.  For  three  other  locomotives,  the  maximum  value  was 
approximately  1  percent,  while  for  locomotives  Nos.  3000  and  734  it  never  exceeded  */j  of  1  per 
cent.  These  are  maximum  values.  While  the  results  show  that  the  CO  tends  to  increase 
somewhat  with  increased  rates  of  combustion,  the  fact  remains  that  for  most  tests,  the  amount 
present  was  very  small,  a  conclusion  which  will  be  reassuring  to  those  who  have  feared  that  the 
very  high  rates  of  combustion  incident  to  locomotive  service  were  necessarily  attended  by  incom 
plete  combustion.  It  is  of  interest  to  note,  also,  that  the  two  locomotives  showing  the  least 
evidence  of  incomplete  combustion  (Nos.  3000  and  734)  were  both  built  by  the  American  Loco- 
motive Company,  the  former  at  the  Schenectady  Works,  and  the  latter  at  the  Brooks  Works. 
The  maximum  fuel  lost  through  imperfect  combustion  for  any  test  upon  locomotive  No.  3000, 
amounts  to  but  1  25  per  cent. 

The  fire-box  temperature  was  found  to  increase  with  the  rate  of  combustion  by  an  amount 
which  evidently  is  affected  by  the  characteristics  of  the  locomotive.  Basing  a  statement  upon  the 
observed  data  from  all  locomotives  tested,  it  may  be  said  that  when  combustion  proceeds  at  the 
rate  of  25  pounds  of  coal  per  foot  of  grate  surface  per  hour,  the  fire-box  temperature  is  between 
1,400  and  2,100<>  Fahr.  When  the  rate  of  combustion  is  increased  to  )25  pounds  per  hour, 
th«  fire-box  temperature  lies  between  the  limits  of  2,150  and  2,300<>  Fahr.  For  locomotive 
No.  3000,  the  minimum  temperature  in  round  numbers  was  1,900®  Fahr.,  and  the  maximum 
was  2,300°  Fahr.,  a  comparatively  small  change  as  a  result  of  five-fold  change  in  the  rate  of 
combustion.  It  is  but  reasonable  to  suppose  that  the  fire-box  temperature  is  a  function  of  the 
fire-box  surface  as  well  as  of  the  rate  of  combustion,  but  this  is  a  matter  which  is  not  shown  by 
the  data,  or  if  shown  has  not  yet  been  developed  from  it.  The  data  clearly  indicates  the  influence 
of  a  brick  arch  on  the  fire-box  tenperature.  the  temperature  generally  being  higher  for  those 
locomotives  which  were  equipped  with  such  an  arch.  All  this  justifies  the  statement  that  those 
conditions  which  promote  the  passage  of  heat  from  the  fire  to  the  heating  surface  of  the  fire-box, 
assist  in  reducing  the  temperature  of  the  fire-box.  There  appears,  also,  to  be  some  relation 
between  fire-box  temperature  and  the  discharge  of  carbon  monoxide  (CO).  Those  looomotivee 
which  developed  the  highest  fire-box  temperature  gave  the  lowest  percentages  of  CO,  while  those 
locomotives  which  gave  the  lowest  temperature  were  highest  in  the  amount  of  CO  discharged. 
Such  a  result  is  not  unexpected,  but  since  the  amount  of  CO  developed  is  in  all  cases  small,  it  is 
of  interest  to  note  that  the  data  permits  a  relation  to  be  traced. 

Draft.  —  Confirming  results  of  previous  experiments,  the  Pennsylvania  tests  show  that  an 
equation  for  draft  in  terms  of  the  rate  of  combustion  may  be  represented  by  a  straight  line. 
Such  an  equation  takes  the  form  of 

D  =  cX  G 

where  D  is  the  draft  in  inches  of  water,  G  the  pounds  of  coal  per  foot  of  grate  per  hour,  and  c  a 
constant  depending  upon  the  proportions  of  the  locomotive. 

The  draft  in  the  ash-pan  for  the  several  locomotives  tested  was  such  as  to  give  the  constant  in 
the  above  equation  values  ranging  from  0002  to  0  01 8;  that  is,  when  100  pounds  of  coal  are 
being  burned  per  foot  of  grate  per  hour,  the  draft  in  the  ash-pan  is  between  0*2  and  1  '8  inches 
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of  water.  Obviously,  the  draft  in  the  ash-pan  must  depend  upon  the  area  of  the  air  openings, 
and  an  analysis  of  the  data  shows  that  when  these  were  such  as  to  allow  0*  1 4  square  feet  of 
opening  for  each  foot  of  grate,  further  increase  did  not  serve  materially  to  diminish  the  draft 
required ;  also,  that  when  the  area  of  the  inlet  was  less  than  Oil  square  feet  per  foot  of  grate, 
the  draft  necessary  to  supply  air  to  the  ash-pan  increased  rapidly.  The  conclusion  is  that  the 
air  opening  should  be  between  0*  1 1  and  0*  1 4  of  the  area  of  the  grate.  When  thus  proportioned, 
the  draft  in  the  ash-pan  may  be  found  by  giving  c  in  the  equation  a  value  of  not  less  than  0*002, 
nor  more  than  0*003. 

The  difference  in  the  draft  of  the  ash-pan  and  firo-box,  depends  upon  the  condition  and  thickness 
of  the  bed  of  coal  and  ash  upon  the  grate  Within  the  limits  of  variation  presented  by  the 
locomotive  tests,  it  does  not  appear  to  be  affected  by  the  ratio  of  air  openings  in  the  grate  to  the 
total  grate.  The  average  difference  of  draft  between  the  ash-pan  and  fire-box  may  be  found  by 
making  the  co-eflBcient  c  in  the  equation  001 1 . 

The  draft  absorbed  by  the  tubes  depends  upon  their  size,  number  and  length.  Employing 
the  equation  to  represent  it,  the  co-efficient  was  least  for  locomotive  No.  929,  for  which  its  value 
was  0-013;  it  was  greatest  for  No.  3000,  for  which  its  value  was  0-029.  For  three  locomotives, 
it  was  between  0016  and  0*018,  and  for  three  others  it  was  between  0021  and  0*025.  Accept- 
ing 002  as  H  representative  value,  it  may  be  said  that  the  resistance  of  the  tubes  absorbs 
1  inch  of  draft  for  each  50  pounds  of  coal  burned  per  foot  of  grate  per  hour. 

The  difference  in  the  draft  between  the  two  sides  of  the  diaphragm  demonstrates  the  influence 
of  different  front-end  arrangements.  It  was  greatest  for  locomotives  Nos.  734,  535  and  3000, 
which  had  self -clearing  front-ends.  The  absence  of  obstructions  in  the  front-ends  of  the  foreign 
locomotives  (Nos.  2512  and  628y  permitted  them  to  sustain  a  given  rate  of  combustion  upon  less 
draft  than  any  of  the  other  locomotives  tested.  The  resistance  of  the  diaphragm  may  be  defined 
by  use  of  the  equation.  For  the  self-clearing  front  ends  (locomotives  Nos  734,  535  and  300i'), 
the  value  of  the  co-efficient  was  from  0020  to  002 1  ;  for  locomotives  Nos.  585  and  929  it  was 
0*016  and  0015,  respectively;  for  locomotive  No.  1499  it  was  but  0005,  and  for  the  foreign 
engine  which  had  no  diaphragm,  it  was,  of  course,  zero. 

Table  IX. 




COKFKICIKNTS  OP  DRAKT.                                                                    H 

LOCOMOTIVK  NUMBBR. 

Front 
of  diaphragm. 

Bar-k 
of  diaphragm. 

Fii-e-box. 

Ashpau. 

Freight    585  ...     . 

0  058 

0042 

0  017 

0002 

—       1499  . 

0  049 

0  044 

0  027 

0  018 

—         734  .     . 

0-047 

0  086 

0010 

0-002 

—        939  . 

0  044 

0  029 

0-016 

0007 

Passenger  3000    . 

0  066 

0  045 

0  016 

0006 

—          535 

0  058 

0  038 

0-017 

0005 

—         2512 

... 

0- 038(1) 

0  013 

0-002 

—          628 

... 

0  034(*) 

0  016 

0  003 

(1)  This  locomotive  had  no  diaphragm  in  smoke  box. 
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The  actual  draft  values  at  several  points  in  the  flow  of  the  air  and  gases  for  all  of  the  locomo- 
tives tested,  may  be  found  by  employing  the  co-efficients  of  table  IX,  in  connection  with  the 
equation  already  given. 

The  Quality  of  Steam  in  the  dome  of  the  several  locomotives  tested  was  remarkably  uniform, 
the  moisture  present  being  generally  less  than  1  */«  per  cent.  The  exceptions  to  this  statement 
arise,  it  is  believed,  from  foul  boilers  or  imperfect  water.  The  water  used  was  chemically 
treated,  and  a  certain  amount  of  sodium  sulphate  and  other  salts  found  their  way  to  the  boilers, 
which,  when  concentrated,  caused  foaming.  As  it  was  not  possible  to  blow  out  the  boilers 
frequently,  trouble  from  this  source  could  not  always  be  avoided. 

Indicated  Power,  —  The  results  show  thai  the  modern  simple  freight  locomotive  of  the  types 
tested,  can  be  depended  upon  to  develop  continuously  from  1 ,000  to  1,100  indicated  horse-power, 
and  that  the  modem  compound  passenger  locomotive  may  develop  under  constant  conditions  of 
running,  in  excess  of  1,600  horse-power.  The  maximum  power  for  each  locomotive  tested  is 
shown  by  table  X. 

Table  X. 


LOCOMOTIVE  NOMBSR. 

maaimum  indicated 
uor8b  powrr. 

LOCOMOTIVE  NUMBER. 

1 

MAXIMUM  nfDICATED 
HORSB  POWBR.           | 

Freight    929    ...     . 

—  734    ...      . 

—  1499    ...     . 

—  585    ...     . 

1,258 
1.098 
1,050 
1,041 

Passenger  3000.     .     .     . 

—  535.     ..     . 

—  2512.     .     .     . 

—  628.     .     .     . 

1,641 

1,622 
945 
816 

Steam  Consumption,  —  Particularly  significant  is  the  high  economy  which  attends  the  opera- 
tion of  the  modern  locomotive.  The  performance  of  the  simple  locomotives  operating  at  all 
speeds  and  cut-ofifs  commonly  employed  upon  the  road,  falls  between  the  limits  of  S^3*4  and 
28*3  pounds  of  steam  per  indicated  horse-power  hour.  The  compound  locomotives,  under  all 
the  various  conditions  of  running  to  which  they  were  subjected,  gave  an  indicated  horse-power 
hour  in  return  for  the  consumption  of  from  18-6  to  27  pounds  of  steam,  and  with  superheating, 
the  minimum  consumption  was  reduced  to  16*6  pounds  of  superheated  steam.  Certain  interest- 
ing facts  concerning  the  performance  of  the  simple  locomotive  are  shown  by  table  XI,  and  similar 
facts  concerning  the  compound  locomotives  are  shown  by  table  XII. 

Table  XI. 


SIMPLE   FREIGHT  LOCOMOTIVES. 

149» 

734 

Avemge. 

Minimum  water  per  indicated  horse  power-hour 

Water  per  indicated  horse  power-hour,  maximum  load      .      .     . 
—             —                         —                     —        consimption   . 

23  43 
23  74 
2S-33 

23-92 
23  92 
29  56 

23  67 
23  83 

28-9-. 

V.  XI 


126 
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Table  XII. 


COMPOUND   LOCOMOTIVES. 


Minimum  wat<»r 

per  indicated 

horse  -  power  -  hour. 


Water  per  indicated 

horse-power-hour, 

maximum  load. 


Water  per  indicated 

horse-po  wer  hou  r^ 

maximum  consumption 


585.      .      .      . 

929.     ..     . 

2512.     .     .     . 

535.     .     .     . 

628(*).     .     . 

628  («) .     .     . 

3000.     .     .     . 

Average  freight  . 

—   passenger 


19-54 
20-98 
18-60 
19-41 
16-60 
17  82 
19  60 
20-26 
18-80 


20 

03 

24 

04 

20 

67 

20 

48 

18 

80 

.20 

26 

24 

14 

22 

03 

21 

39 

24  14 
26-47 
27.-05 
23-67 
21-29 
22-77 
24  14 
25-31 
24-41 


(1)  Superheated  steam. 

(2)  Saturated  steam,  calculated  from  the  quantity  of  superheiited  steam  used. 


The  tables  present  the  evidence  by  which  the  relative  economy  of  simple  and  compound  loco- 
motives is  to  be  judged.  Incidentally,  also,  the  values  of  table  XII  emphasize  the  all-around 
good  work  of  the  two-cylinder  cross  compound.  No.  585,  which  was  built  at  the  Schenectady 
Works  of  the  American  Locomotive  Company. 

In  general,  the  steam  consumption  of  the  simple  engines  decreased  with  increase  of  speed, 
while  that  of  the  compounds  increased.  These  effects  operate  to  reduce  the  relative  advantage 
of  the  compounds  as  the  speed  is  increa.sed.  The  facts  in  the  case  touching  this  matter,  may  be 
seen  by  reference  to  table  XIII.  This  table  expresses  the  steam  consumption  of  the  several 
freight  engines,  assuming  that  of  the  two-cylinder  compound  (No.  585)  to  be  unity.  For 
example,  at  40  revolutions  per  minute,  for  each  pound  of  steam  per  horse-power  hour  consumed 
by  No.  585,  1-23  pounds  were  consumed  by  the  tandem  compound  (No.  920)  and  1-38  pounds 
were  consumed  by  the  simple  locomotive.  No.  1499.  At  higher  speeds,  these  differences  are 
materially  reduced.  Comparing  the  performance  of  the  compound,  No.  58."),  with  that  of  the 
simple  locomotive,  No.  734,  the  difference  at  40  revolutions  is  40  percent,  and  at  160  revolutions 
but  7  per  cent.  By  curves  plotted  from  the  values  of  all  tests,  it  can  be  shown  that  at  200  revol- 
utions, the  consumption  of  these  two  machines  would  be  identical,  and  it  is  conceivable  that  at 
speeds  above  this  value,  the  simple  engine  would  have  the  best  of  it.  It  is  well  to  remember, 
however,  that  this  comparison  is  based  upon  a  very  limited  number  of  locomotives. 

Table  XIII 


FREIGHT  LOf  OMOTIVK  MUMBKR. 

40  revolutions 
per  minute. 

S)  revolutions 
per  minute. 

160  revolutions 
per  minute. 

585 

1  00 
1-23 
1  38 
1-40 

1  00 

1-15 
1-25 
1-27 

100 

106 
1  07 

929 

1499 

734 
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Comparing  the  performance  of  the  compounds,  as  set  forth  in  table  XII,  and  as  illustrated  by 
table  XIV,  setting  forth  the  relative  performance  of  the  four-cylinder  balanced  compounds, 
some  estimate  may  be  had  concerning  the  value  of  certain  elements  of  design  which  characterize 
the  several  machines. 

Table  XIV. 


PASSBXaSR  LOCOMOTIVB  NUMBER. 


80  revolutions 
per  mluute. 


160  revolatious 
per  miDute. 


240  revolutions 
per  minute. 


280  rerolntions 
per  minute. 


2512  . 
535  . 
628  (*) 
628  (2) 

3000  . 


(»)  Superheated  steam. 

[-)  Saturated  steum,  calculated. 


Ml 
1-22 
100 
1-07 
115 


1-17 
1  13 
100 
107 
1  17 


1  26 
116 
1  00 
106 
1-28 


1-27 
0-97 
100 
107 
104 


It  will  be  seen  that  of  the  balanced  compounds,  the  Hanover  engine  (No.  628)  gave  the  best 
cylinder  performance.  Among  the  factors  contributing  to  such  a  result,  are  the  use  of  super- 
heated steam,  of  separate  valves  for  each  of  its  four  cylinders,  a  stiff  valve  gear  which  gave  a 
high  degree  of  precision  to  the  motion  of  the  valves,  and  of  a  gear  so  well  designed  as  to  provide 
for  a  high  degree  of  refinement  in  the  distribution  of  its  steam.  With  all  of  these  advantages, 
its  performance  under  maximum  load  when  reduced  to  a  common  basis  for  comparison,  was  but  a 
quarter  of  a  pound  better  than  that  of  the  cross-compound  (No.  585).  This  fact,  coupled  with 
the  fact  that  the  engine  could  not  fail  to  derive  great  advantage  from  its  superheater,  illustrates 
how  little  is  to  be  gained  through  the  use  of  highly  refined  valve  gears. 

The  fact  to  which  attention  has  already  been  called  is  further  illustrated  by  the  performance 
of  the  de  Glehn  compound.  No.  2512,  which  is  a  true  receiver  engine,  having  separate  valves  and 
separate  valve  gears  for  each  of  its  four  cylinders,  with  control  of  the  distribution  in  the  low- 
pressure  cylinders  independent  of  that  of  the  high-pressure  cylinders.  While  for  various  reasons 
the  tests  of  No.  2512  were  more  limited  than  was  desired,  and  while  the  performance  of  the 
engine  places  it  among  the  most  efficient  of  all  that  were  tested,  the  fact  remains  that  the  record 
presents  but  meager  evidence  to  Justify  the  complication  which  characterizes  this  design. 

As  compared  with  the  foreign  engines,  the  American  balanced  compounds,  Nos.  3000  and  535, 
were  equipped  with  simple  forms  of  valves  and  gears.  Both  were  non-receiver  engines,  and 
minimum  and  maximum  portions  of  the  indicated  power  which  appeared  as  a  stress  in  the  draw- 
bar are  given  as  table  XV.  If  the  values  given  are  subtracted  from  unity,  the  result  will  be 
the  fraction  of  the  indicated  power  which  is  absorbed  by  machine  friction. 

As  these  values  were  obtained  upon  the  testing  plant,  no  account  is  made  of  atmospheric  resis- 
tance, nor  of  that  resistance  which  upon  the  road  arises  from  the  rolling  load  of  truck  and  tender. 
The  values  given  are  less  than  the  indicated  power  merely  by  that  amount  which  is  lost  in  trans- 
missioa  between  the  engine  pistons  and  the  tread  of  the  drivers. 

The  results  show  that  the  frictional  losses  increase  as  the  speed  is  increased.     They  vary  in 
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diifferent  machines  and  under  different  conditions  of  running,  from  6  to  38  per  cent  of  the  indicated 
horse-power,  a  range  so  great  as  to  suggest  the  importance  of  a  more  elaborate  analysis. 
Evidently,  the  matter  of  machine  friction  is  closely  related  to  that  of  lubrication.  The  record 
shows  that  where  oil  lubrication  was  used  for  rods  and  axles,  it  was  by  means  of  the  customary 
American  methods,  except  in  the  case  of  locomotives  Nos.  628  and  2512,  which  had  a  lubri- 
cating pad  held  against  the  axle  by  springs  in  a  manner  conmion  in  European  practice.  Where 
grease  was  used,  it  was  composed  29  per  cent  oil,  56  per  cent  soap,  and  15  per  cent  water.  This 
lubricant,  shaped  into  a  hard  cake,  was  pressed  against  the  axle  journal  by  springs  fixed  in  the 
cellars,  a  perforated  plate  between  the  axle  and  the  cake  of  grease  serving  to  preserve  the  latter 
from  too  rapid  destruction.  Grease  in  rod  lubrication  was  carried  in  cups  from  which  it  was 
forced  out  upon  the  journal  by  means  of  a  screw. 

Table  XV. 


RBV0LUTI0N8. 

Maximum. 

Minimam. 

40 

80 

160 

240 

280 

320 

0-941 
0-941 
0-939 
0  902 
0-868 
0-783 

0-767 
0-795 
0-729 
0-723 
0-615 
0-783 

The  friction  in  terms  of  pounds  draw-bar  per  driving  axle,  is  shown  graphically  by  figures  17, 18 
and  19.  The  plotted  points  upon  these  diagrams  are  marked  with  the  locomotive  number  and 
with  the  kind  of  lubricant  used  upon  the  driving  axles.  A  study  of  the  problem  made  it  apparent 
that  the  friction  of  the  driving  axles  was  so  large  a  factor  in  the  total  friction,  as  to  obscure  the 
effect  of  the  rod  lubrication,  whether  this  were  grease  or  oil  The  horizontal  lines  drawn  upon 
each  diagram,  are  designed  to  show  a  representative  value  for  each  system  of  lubrication.  The 
results  obtained  at  a  speed  of  80  revolutions  are  not  without  contradiction,  the  evidence  being 
that  at  this  low  speed  the  oil  lubrication  was  in  some  cases  imperfect.  At  higher  speeds,  the  results 
group  themselves  very  consistently.  It  appears  that  with  oil  lubrication,  a  stress  at  the  draw-bar 
of  approximately  500  pounds  is  required  to  overcome  the  friction  of  each  coupled  axle,  while  with 
grease  the  required  force  is  from  800  to  1 ,  100  pounds. 

Effect  of  the  Counterbalancing,  —  The  counterbalancing  of  the  passenger  locomotives,  all  of 
which  were  of  the  balanced  compound  type,  was  investigated  by  observing  the  speed  at  which  the 
disturbing  forces  arising  from  the  action  of  the  locomotive  first  affected  the  dynamometer,  by 
measuring  the  transverse  movement  of  the  pilot  with  each  revolution,  and  by  estimating  the 
variation  in  pressure  between  the  drivers  and  their  supporting  wheels,  by  the  effect  produced 
upon  a  length  of  soft  annealed  wire  of  small  diameter,  which  had  been  passed  between  them. 

The  lowest  speed  at  which  the  disturbing  forces  of  the  engine  first  affected  the  dynamometer 
was  as  in  table  XVI. 
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Ratio  of  maximum  recorded  drawbar  pull  to  maximum  tracUve  effort. 
Pig.  17.  —  Machine  friction. 


£ 


Ratio  of  maximum  recorded  drawbar  pull  to  maximum  tractive  effort. 
Fig.  18.  —  Machine  friction. 


I 


Ratio  of  maximum  recorded  drawbar  poll  to  maximum  tractive  eflbrt. 
Fig.  19.  —  Machine  friction. 
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Table  XVI. 

No.  2512 197  revolutions  per  minute. 

No.  535 180         —  — 

No.  628 200         —  — 

No.  3000 320         —  — 

The  transverse  vibration  of  the  pilot  was  determined  bj  means  of  an  automatic  recording 
device,  the  values  observed  bein^  afterwards  reduced  to  equivalent  values,  which  would  have  been 
registered  had  the  marking  point  always  been  a  fixed  distance  from  the  front  axle.  Maximum 
values  thus  obtained  were  as  stated  in  table  XVll. 

Table  XVII. 


NUMBi  R  OK  LOCOMOTIVES. 

MAXIMUM  VIBRATION  OF  I'lLOT  :   INCHES.                                                       1 

At  100  revoliuious 
per  minute. 

At  210  revolutiouB 
per  niiimte. 

At  28.0  revolulious 
per  minute. 

At  320  revolutions 
per  miuuie. 

! 
2:12 

•  .• 

0-277 

0-296 

535 

0  456 

0-592 

0-592 

... 

628 

0  093 

0-233 

0-465 

3000 

0-235 

0  120 

0110 

0-110 

The  effectiveness  of  the  vertical  balancing  of  the  several  locomotives,  was  determined  from  wires 
which  had  been  run  between  the  driver  and  its  supporting  wheel.  These  in  their  original  condi- 
tion were  of  0-06  inch  diameter,  and  of  a  length  somewhat  greater  than  the  circumference  of  the 
drivers.  The  wires  which  had  passed  under  the  drivers  were  carefully  measured  at  5-inch  inter- 
vals to  determine  changes  in  thickness.  Maximum  variations  during  a  single  revolution  of  the 
drivers,  thus  determined,  were  as  given  in  table  XVIII. 

Table  XVIII. 


NUMBER  OF  LOCOMOTIVES. 

MAXIMUM  VARIATIONS  IN  THICKNESS  OF   "WIRE   :  INCHES.                                     || 

At  160  revolutions 
per  minute. 

At  240  revolutions 
per  minute. 

At  280  revolutions 
per  minute. 

At  3S0  revolutions 
per  minute. 

2512 

535 

628 

3000 

0-011 
0-014 
0-006 

0014 
0  026 
0011 

0012 
0-042 

0  004 

Driver  left  the  wire. 
0  007 

While  all  of  the  locomotives  for  which  data  are  given  were  assumed  to  be  balanced  compounds. 
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the  results  of  the  several  tests  emphasize  the  superior  condition  of  balance  of  locomotive  No.  30C0. 
This  engine  ran  with  great  steadiness  at  all  speeds.  It  was  the  last,  in  the  scale  of  speed,  to 
affect  the  dynamometer,  its  nosing  action,  as  measured  from  the  movement  of  the  pilot  was  much 
smaller  than  that  of  the  other  engines  tested,  and  the  impress  left  upon  the  wires  which  were 
passed  under  its  drivers  was  practically  uniform  for  all  speeds.  These  results  demonstrate  that 
longitudinal  steadiness  combined  with  a  high  degree  of  uniformity  in  the  pressui^of  wheel  upon 
rail,  may  be  secured  by  the  adoption  of  a  properly  designed  four-cylinder  balanced  engine. 

Performance  at  the  Draw  Bar,  —  A  study  of  the  data  will  show  that  the  amount  of  steam  and 
coal  per  dynamometer  horse-power  hour  required  by  the  modern  locomotive,  is  not  only  less  than 
has  commonly  been  supposed,  but  that  it  compares  favourably  with  that  required  by  other  methods 
of  traction.  The  consumption  per  dynamometer  horse-power  by  the  freight  locomotives,  is  shown 
diagrammatically  by  figures  20,  21  and  22,  from  which  it  appears  that  the  normal  consumption 
for  the  simple  locomotive  is  between  3  */i  and  4  Vj  pounds,  while  that  of  the  compounds  may 
approach  the  low  limit  of  2  pounds.  Of  all  the  freight  locomotives,  the  performance  of  No.  583, 
a  two-cylinder  compound  built  at  the  Schenectady  Works  of  the  American  Locomotive  Company, 
shows  the  highest  efficiency.  The  performance  of  other  freight  locomotives,  both  simple  and 
compound,  in  terms  of  that  of  No.  585,  is  given  by  table  XIX. 

Table  XIX. 


FREIGHT  LOCOMOTIVB  NUMBBR. 

40  revolutions 
per  minute. 

80  revolutions 
per  minute. 

160  revolutions 
per  minute. 

1499 

734 

•    585 

929 

1  65 
1-77 
100 
1-41 

1-75 
1  66 
100 
1-34 

1-54 
1-36 
1-00 

The  upward  turn  of  certain  of  the  curves  at  the  higher  speeds  (figs.  20  to  22;  is  an  indication 
that  power  is  being  obtained  at  the  expense  of  economy.  For  example,  at  80  revolutions 
(fig.  21;,  it  is  clear  that  the  several  locomotives  tested  are  most  efficient  when  developing  at  the 
draw-bar  between  600  and  800  horse-power,  and  that  when  forced  to  deliver  a  thousand  or  more, 
the  cost  per  unit  of  power  increases.  The  tests  emphasize  the  desirability  of  using  locomotives 
having  an  ample  margin  of  power  for  the  work  to  be  done. 

The  cost  of  power  at  the  draw-bar  of  the  passenger  locomotives  tested,  all  of  which  were 
four-cylinder  balanced  compounds,  is  well  shown  by  figures  23,  24  and  25.  While  the  values 
in  all  cases  are  low,  these,  to  a  greater  degree  than  those  from  the  simple  engines,  show  the 
disadvantage  of  overloading.  The  diagrams  serve  well  to  show  the  enormous  output  of  power 
at  the  draw-bar  as  well  as  the  satisfactory  performance  of  locomotive  No.  3000,  built  by  the 
American  Locomotive  Company. 
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THE    TELEPiHOIVE    IN    ItAILK.OAI>     SERVICE, 

Bj.  H.  L.  BURDICK  and  W.  T.  SAUNDERS. 

[Railicay  Age.] 


The  telephone  has  attained  a  recognized  position  as  a  factor  of  considerable  value  in  railway 
operation  and  especially  is  the  telephone  becoming  indispensable  to  the  trafSc  department  in  its 
relation  to  possible  or  actual  customers. 

In  fact,  the  development  of  the  telephone  in  the  railroad  field,  has,  up  to  the  present  time, 
been  largely  influenced  by  traffic  demands.  Where  the  centers  of  population  are  large,  and 
located  within  comparatively  short  distances  of  each  other,  the  demands  of  the  traffic  depart- 
ment for  means  of  quick  connection  with  the  public,  and  with  the  division  headquarters  of  the 
department  itself,  have  forced  upon  the  railroad  management  the  telephone  as  the  only  means  to 
the  desired  end. 

Having  once  installed  a  telephone  system,  the  railroad  in  order  to  use  the  system  to  its  full 
capacity,  has  been  obliged  to  allow  the  various  departments,  operating,  traflBc,  claim,  legal,  etc., 
to  utilize  the  telephone  circuits.  The  traffic  department  originating  the  demand  for  telephone 
service,  did  not,  at  the  beginning,  require  the  full  use  of  the  system. 

When,  however,  other  departments  of  the  railroad  began  to  demand  the  circuit  time  of  the 
telephone  system,  it  was  found  that  tjje  telephone  was  supplying  an  aid  to  the  carrying  on  of 
railroad  business,  the  need  of  which  had  not  been  recognized,  and,  in  consequence,  the  telephone 
facilities  of  a  number  of  railroads  have  been  increased  to  meet  the  demands. 

The  growl  h  of  the  telephone  service  among  railroads  is  purely  a  natural  result  of  ordinary 
business  methods,  since  the  average  business  man  to-day  has  learned  to  do  a  large  part  of  his 
work  by  means  of  the  telephone. 

The  railroad  receives  from  the  public  inquiries  for  the  reservation  of  traveling  accommoda- 
tions, inquiries  pertaining  to  incoming  freight,  freight  rates  and  shipping  facilities.  This  being 
the  case,  the  railroads  have  found  it  necessary  to  equip  many  of  their  offices  in  large  business 
centers  with  telephones.  A  very  large  part  of  the  business  carried  on  is  transacted  between  its 
own  officials,  and  the  growth  of  telephone  communication  at  the  principal  terminals  resulted 
naturally  in  the  establishing  of  private  branch  exchanges.  This  gave  the  desired  result  as  far 
as  the  individual  city  was  concerned,  but  the  necessity  of  quick  communication  between  different 
points  on  the  lines  soon  brought  about  the  construction  of  private  telephone  circuits  on  the  rail- 
road right  of  way. 

It  is  necessary  to  the  successful  handling  of  traffic  that  the  freight  office,  as  a  starting  point, 
should  not  be  so  limited  in  telephone  facilities  as  to  invite  censure  from  the  merchant,  and  the 
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contracting  agent,  like  the  freight  agent,  must  be  able  to  render  as  satisfactory  service  by  tele- 
phone as  through  a  personal  call.  Both  the  officials  must  then  be  equipped  with  information 
which,  if  not  absolutely  at  hand,  can  be  shortly  obtained.  To  this  end,  the  railroad  must  extend 
its  telephone  service  to  the  offices,  junction  points,  and  yards  where  this  information  can  be 
obtained,  and  in  this  way  the  telephone  system  gradually  extends  over  the  railroad  system. 

However  well  a  railroad  is  equipped  with  telegraph  lines  there  is  always  an  over  supply  of 
messages  hanging  on  the  hook  waiting  their  turn  for  transmission.  The  railroad  building  a 
metallic  circuit  for  telephone  purposes  can  equip  that  circuit  with  apparatus  by  the  use  of  which 
each  wire  can  be  utilized  for  telegraph  purposes  without  interfering  with  the  use  of  the  circuit 
for  the  telephone. 

One  of  the  valuable  uses  of  the  telephone  to  railroads  is  that  of  the  emergency  portable  set, 
which,  carried  on  the  baggage  car,  can  be  attached  to  the  telephone  circuit  at  any  point,  and  by 
which,  in  case  of  accident  or  delay,  the  nearest  division  point  can  be  notified.  In  cases  where  a 
railroad  is  not  equipped  with  a  metallic  circuit,  and  does  not  appreciate  the  value  of  the  tele- 
phone service  sufficiently  to  spend  money  for  such  circuits,  a  type  of  appai*atus  has  been  deve- 
loped for  use  on  grounded  telegraph  lines,  without  interference  with  the  Morse  signals.  This 
apparatus  gives  commercial  service  for  limited  distances,  and  while  rendering  good  service,  is 
principally  valuable  as  an  educational  factor  as  to  the  value  of  telephone  service. 

The  officials  of  a  number  of  railroads  have  realized  the  great  advantage  of  being  able  to  com- 
municate from  any  point  on  their  road  with  their  fellow  officials,  or  with  employees,  at  any  other 
point  on  the  system.  Especially  is  this  the  case  where  the  railroad  has  developed  private  branch 
exchanges  —  connected  with  the  public  exchanges  in  the  principal  business  centers  —  as  not 
only  railroad  officials  but  the  general  public  can  be  reached  over  the  railroad  telephone  lines 
through  these  private  branch  exchanges. 

A  description  of  the  telephone  development  on  the  Burlington  system  indicates  how  railroad 
telephone  development  has  advanced,  and  it  is  proposed  to  give  a  short  description  of  the  uses  to 
which  the  telephone  is  put  on  this  road. 

Telephone  system  on  the  Burlington. 

The  Burlington  system  is  operated  under  two  grand  divisions  —  the  lines  East  of  the  Missouri, 
with  headquarters  at  Chicago,  and  the  lines  West  of  the  Missouri,  with  headquarters  at  Omaha. 
Each  grand  division  is  controlled  by  a  general  manager  reporting  to  the  vice-president.  The 
grand  divisions  are  each  further  separated  into  semi-grand  divisions  under  the  control  of  division 
superintendents. 

The  private  lines  constructed  so  far  have  been  built  to  connect  the  officials  at  the  important 
operating  and  traffic  points. 

In  the  extreme  western  portion  of  the  territory  covered  there,  are  a  number  of  short  private 
lines  constructed  for  operating  purposes  only,  and  these  lines  are  referred  to  further  on. 

At  present  the  four  private  branch  exchanges  in  Chicago  are  connected  with  the  exchanges  in 
Aurora,  a  division  point,  Galesburg,  Burlington,  which  is  the  headquarters  of  a  semi-graad  divi- 
sion, and  also  a  division  point,  and  West  Burlington,  where  large  shops  are  located. 

In  this  section,  there  is  a  copper  metallic  circuit,  the  copper  wire  weighing  210  pounds  per 
mile,  connecting  all  the  above  mentioned  exchanges. 

This  copper  circuit  is  **  simplexed  ",  that  is  to  say,  in  addition  to  the  telephone  circuit  it 
furnishes  also  a  **  quad  "  telegraph  circuit,  which  adds  considerably  to  the  value  of  the  install- 
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ation  In  addition  to  the  copper  cii-cuit,  between  Chicago  and  Aurora,  there  is  an  iron  circuit 
which  carries  standard  composite  equipment,  giving  a  single  telegraph  circuit  for  each  wire  of 
the  pair,  and  a  telephone  circuit  over  the  pair  of  wires,  making  three  valuable  circuits  from  the 
single  pair  of  wires. 

The  railroad  exchange  in  St.  Louis,  which  is  a  semi-grand  division  point,  is  connected  by  a 
copper  metallic  circuit,  which  also  carries  a  '*  quad  "  telegraph  circuit,  with  Hannibal,  a  divi- 
sion point. 

The  Kansas  City  exchange  is  connected  with  St.  Joseph,  a  division  point,  by  a  similar  copper 
metallic  circuit.     To  avoid  repetition,  it  may  be  stated  here  that  the  copper  used  by  the  Burling 
ton  is,  up  to  the  present,  210-pound  wire,  and  that  where  such  a  copper  circuit  is  constructed  for 
telephone  use,  it  in  all  cases  furnishes  also  a  **  quad  "  telegraph  circuit. 

The  Omaha  exchange,  a  grand  division  point,  is  connected  by  a  copper  metallic  circuit, with  the 
ex  hanges  in  Lincoln,a  semi-grand  division  point,  and  Havelock,  where  large  shops  are  located. 

The  private  branch  exchanges  at  Rock  Island,  St.  Paul  and  Denver,  are  at  present  not  con- 
nected by  private  lines  with  the  other  large  centers  of  the  road,  though  it  is  probable  that  the 
rapid  growth  of  the  use  of  the  telephone  on  this  system  will  demand  that  these  points  be  taken 
into  the  family.  Naturally  the  centralization  of  important  railroad  terminals  and  operating 
points  is  demanded  by  the  existence  of  a  telephone  system,  which  has  proved  of  value  to  all 
departments  of  the  railroad. 

To  give  briefly  the  uses  to  which  the  telephone  circuits  are  put,  reference  is  made  to  the  Chi- 
cagoGalesburg  division  only,  as  there  is  practically  little  difference  in  the  uses  of  the  telephone 
on  any  of  the  divisions,  with  the  exception  of  the  far  western  divisions,  which  will  be  mentioned 
in  another  paragraph. 

Th6  oflBcials  of  the  traflSc  department  have  regular  communication  with  the  local  men  of  the 
department  in  regard  to  the  securing  of  business,  and,  what  is  just  as  important,  have  access  to 
the  operating  officials  in  regard  to  the  handling  of  business  when  it  is  secured.  Information  of 
this  kind  can  be  secured  by  conversation  over  the  telephone,  where  by  telegraph,  considerable 
correspondence  would  be  necessary  and  much  delay  experienced. 

The  passenger  department  uses  the  circuits  largely  for  information  as  to  the  reservation  of 
accommodations.  For  instance,  when  a  person  from  the  western  end  of  this  division  had  occasion 
to  leave  for  the  Pacific  Coast  on  short  notice  and  had  the  option  of  other  routes  than  the  Burling- 
ton, the  passenger  agent  in  this  section  was  able  in  a  few  minutes  to  secure  sleeping  car  reserva- 
tions and  secured  the  customer  as  well. 

The  supply  department  is  stated  to  be  the  largest  user  of  the  telephone  facilities.  The  pur- 
chasing agent  and  the  superintendent  of  supplies,  located  in  Chicago,  have  direct  communication 
with  the  men  in  charge  of  the  storehouses  throughout  the  division.  The  question  of  supplies  is 
an  important  one  to  the  railroad,  and  the  handling  of  **  hurry  up  "  or  **  emergency  "  orders  can 
be  done  by  telephone  to  much  greater  advantage  than  by  telegraph. 

The  operating  department  makes  use  of  the  circuits,  especially  in  that  the  Chicago  dispatcher 
and  trainmaster  can  arrange  freight  service  with  division  points.  In  this  class  of  service,  the 
railroad  cannot  arbitrarily  run  regular  trains,  but  must  arrange  the  service  according  to  the 
business  in  sight  and  the  daily  demand  for  transportation  facilities.  Trainmasters  and  dis- 
patchers regularly,  twice  a  day,  discuss  these  questions,  and  arrange  their  business  accordingly. 
Very  often,  also,  the  telephone  is  used  by  them  to  meet  emergency  cases.  It  is  stated  that,  by 
the  use  of  the  telephone  on  this  division,  the  road  saved  running  ten  train  crews  over  a  consi- 
derable distance,  ia  one  month.     This  means  a  saving  of  cash. 
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As  an  instance  of  the  value  of  the  telephone  when  an  emergency  arises,  it  happened  that,  not 
long  ago,  when  the  road  was  short  of  coal,  a  mine  owner  at  Streator,  111.,  called  the  purchasing 
agent  by  long  distance  telephone  and  informed  him  that  there  were  several  hundred  tons  of  coal 
on  hand,  but  no  transportation  facilities.  The  purchasing  agent  over  the  railroad  circuit  to 
Aurora,  found  that  there  was  a  **  way  freight "  on  the  way  to  Streator,  arranged  with  the  divi- 
sion superintendent  to  side-track  the  freight,  and  take  the  empties  as  a  special  to  Streator. 
This  was  an  unusual  condition  and  could  hardly  have  been  arranged  by  telegraph.  The  legal 
department,  not  long  since,  obtained  information  enabling  it  to  settle  at  once  a  claim  arising 
from  an  accident  to  an  employee,  in  a  case  where  the  telegraph  could  not  have  settled  the  matter 
in  time,  owing  to  the  extensive  details  requiring  personal  conversation. 

The  transportation,  claim,  in  fact,  all  the  departments,  have  found  use  for  the  telephone,  and 
are  finding  new  uses  to  such  an  extent  that  the  telephone  facilities  are  put  to  a  thorough  test. 

On  the  western  divisions  from  Ravenna,  Neb.,  to  Billings,  Mont.,  the  telephone  is  put  to  a 
practical  operating  use.  In  a  sparsely  settled  country,  with  a  few  places  of  importance  along 
the  road,  it  becomes  necessary  to  have  many  **  blind  sidings  ".  It  is  almost,  if  not  quite,  impos- 
sible to  station  telegraph  operators  at  such  points,  or  to  keep  them  in  such  surroundings.  In 
this  section,  grounded  iron  telephone  circuits  are  constructed  from  dispatching  points,  or  a  sta- 
tion where  a  telegraph  operator  is  located,  with  telephone  instruments  cut  in  at  the  blind 
sidings.  A  train  given  a  meeting  point  at  one  of  these  sidings  can,  if  delayed  by  the  non-arrival 
of  the  other  train,  call  up  the  nearest  telegraph  station  and  secure  orders  from  the  dispatcher. 
Some  thirty-five  sidings  are  cared  for  in  this  manner,  and  the  service  is  found  thoroughly  satis- 
factory. Of  course,  in  cases  of  this  kind,  composite  apparatus  could  be  used  on  the  teleg^ph 
lines  of  the  railroad.  The  officials  of  the  Burlington,  however,  on  account  of  the  simplicity  of 
the  ordinary  apparatus,  the  outlying  points  at  which  it  is  located,  and  the  saving  in  maintenance 
of  the  ordinary  telephone  over  that  of  the  railway  composite  apparatus,  have  decided  it  cheaper 
in  many  cases  to  string  a  special  wire  for  telephone  use. 

The  Burlington  has  a  number  of  sets  of  railway  composite  telephones  in  use  at  points  where 
line  conditions  afford  good  service,  and  where  proper  attention  can  be  paid  to  the  maintenance 
of  the  apparatus. 

The  writers  are  indebted  to  Mr.  W.  W.  Ryder,  superintendent  of  telegraph  of  the  Burlington, 
for  much  of  the  foregoing  information. 

The  probable  development  of  railroad  telephones. 

Although  but  one  railroad  system  has  been  di^ussed,  almost  all  the  large  railroads  have 
begun  the  development  of  telephone  service.  A  railroad  starts  the  development  of  its  telephone 
service  through  the  necessity  of  reaching  the  public,  and,  especially  in  the  thickly  settled  sec- 
tions of  the  country,  the  railroads  have  installed  private  branch  exchanges  for  the  purpose  of 
giving  all  their  departments  ample  facilities  in  reaching  business  concerns. 

Many  railroads  have  also  been  convinced  that  the  handling  of  their  yards  can  be  better  done 
by  telephone  than  by  telegraph,  and  have  accordingly  built  lines  throughout  their  yards  for  this 
purpose.  Where  these  yards  are  in  close  proximity  to  the  private  branch  exchanges,  they  have 
been  connected  with  these  exchanges,  thereby  giving  the  officials  of  the  road  connection  with  an 
important  part  of  the  railroad  system.  It  has  been  found  important,  especially  as  concerns  train 
movements,  that  division  points  be  connected,  and  the  fact  that  yard  lines  have  been  established 
gives  an  opening  for  larger  growih  in  telephone  fields.     One  fact  in  particular  encourages  this 
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growth,  and  that  is  that  the  telephone  circuit  can  be  utilized  as  a  telegraph  circuit  without  inter- 
fering with  the  use  of  the  circuit  for  telephone  business. 

In  this  connection,  it  may  be  well  to  say  that  railroads  are  beginning  to  realize  the  importance 
of  building  copper  circuits  instead  of  iron,  for  while  the  copper  costs  much  more  originally  there 
is  no  deterioration  in  the  metal  from  oxidization  —  and  while  iron  wire  in  a  few  years  becomes 
valueless,  the  copper  can  be  taken  down,  if  necessity  demands,  and  sold  for  junk  for  at  least  at 
75  per  cent  of  its  original  cost. 

Having  the  fact  in  view  that  the  division  points  of  a  railroad  demand  telephone  communication, 
it  is  well  for  the  road,  in  constructing  the  original  circuits,  to  use  wire  heavy  enough  to  give 
•  good  transmission  over  the  whole  system.  With  the  establishing  of  block  signal  systems,  it  may 
be  well  to  point  out  the  fact  that  it  is  impossible  at  each  block  signal  to  instal  a  telephone.  If  a 
train  on  a  double-track  road  is  held  up  by  the  signal  for  an  unusual  time,  it  is  possible  that  the 
conductor  may,  by  the  use  of  the  telephone,  get  in  touch  with  the  dispatcher  and  obtain  orders  to 
run  around  the  cause  of  delay. 

A  railroad  can,  without  large  outlay,  gradually  cover  its  whole  system  with  telephone  circuits. 
If  only  the  advantages  shown  in  this  article  accrue  to  the  railroad,  something  is  gained,  but 
when  it  is  considered  that  the  telephone  does  not  require  expert  knowledge  of  telegraphy,  and 
that  in  case  of  differences  with  organized  labor,  the  roads  can  manage  to  continue  operating,  it 
would  seem  that  the  telephone  is  becoming  a  necessity  to  the  railroad  and  cannot  much  longer 
be  denied  a  place  in  operating. 

The  question  of  whether  a  railroad  should  own  or  rent  its  telephone  sets,  for  private  line  use, 
does  not  enter  into  the  problem  to  any  great  extent.  If  a  railroad  pays  $12  for  a  set  of  telephone 
instruments  —  the  life  of  which  set,  for  railroad  private  line  use,  is  six  years  ^-  the  road  must 
lay  aside  $2  per  year,  on  the  original  cost,  to  pay  for  the  set.  There  is  also  a  charge  of  5  per 
cent  on  the  investment,  or  60  cents  per  year.  Beyond  this,  there  is  the  rcplsuiing  of  broken  parts 
of  instruments,  which,  taking  into  consideration  the  fact  that  these  sets,  on  private  lines  in 
yards,  are  subjected  to  comparatively  rough  usage,  cannot  be  less  than  5  per  cent  on  the  original 
investment.  This  amounts  to  an  additional  60  cents  per  year.  As  a  total,  then,  the  railroad 
pays  $3*  20  per  year  for  each  set  owned. 

If  these  sets  are  owned  by  the  road,  they  cannot  at  present  be  connected  with  the  general 
public,  nor  with  the  majority  of  railroad,  for  the  majority  of  roads  rent  their  telephone  sets. 
The  road  must  also  take  into  account  the  fact  that  the  sets  owned,  if  destroyed  by  firoi  flood  or 
any  other  cause,  are  a  total  loss,  while  sets,  if  rented,  must  be  replaced  by  the  telephone 
company. 

In  whatever  manner  the  telephone  is  adopted  by  the  railroad  company,  it  would  seem  that  the 
facility  of  reaching  the  public,  the  saving  in  the  handling  of  yards,  the  possibility  of  combining 
the  telegraph  circuit  and  the  telephone  circuit,  the  added  facilities  for  train  movements,  the 
making-up  of  freights,  and  lastly,  the  exemption  from  tie-up  on  account  of  organized  labor, 
would  render  it  indispensable  that  live  railroads  be,  within  a  few  years,  fully  equipped  through- 
out their  entire  systems  with  telephone  fsu;ilities. 
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Book-keeping  generally.  Description  of  llie  different  existing  systems; 
comparison  from  the  double  point  of  view  of  efficiency  and  economy. 
The  question  of  adopting  one  uniform  system  on  the  different  railways. 
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SECTIONAL    DISCUSSION 


Meeting  held  on  May  6,  1905  (morning). 


Mr.  Emile  HEURTEAU,  president,  in  the  chair. 

The  President.  (In  French,)  —  We  shall  now  take  up  the  XIV"»  question,  dealing 
with  bookkeeping.  Upon  this  subject  we  have  before  us  three  reports,  one  by 
Mr.  J.  de  Richter,  another  by  Mr.  von  Lohr  and  a  third  by  Mr.  Plant. 

Mr.  de  Richter  is  not  present,  but  he  has  sent  a  letter  which  will  appear  in  the 
proceedings.  In  it  he  lays  stress  upon  the  conclusions  contained  in  his  report. 
I  do  not  think  his  letter  alters  any  of  the  conclusions  of  his  report  or.  that  I  need 
now  read  it  aloud,  but  it  will  be  reproduced  as  an  appendix  to  the  shorthand 
reports  of  the  proceedings.  (See  the  appendix.) 

Mr.  von  Lohr  and  Mr.  Plant  are  here,  and  I  shall  therefore  ask  them  to  be  good 
enough  to  summarize  their  papers. 

Mr.  A.  H,  Plant,  reporter  for  America.  —  The  conclusions  of  my  report  run  as 
follows  : 

I  have  outlined  the  creation  of  an  American  railway  accounting  department,  and  briefly 
referred  to  the  necessity  for  such  an  organization.  While  the  responsibilities  originally  assigned 
to  the  chief  accounting  officer  were  faithfully  and  efficiently  discharged,  his  sphere  of  duty  and 
obligations  to  his  company  broadened  with  the  passage  of  years. 

As  the  commerce  of  America  expanded,  new  and  complex  conditions  of  operations  presented 
themselves,  necessitating  improved  accounting  methods;  these  conditions,  though  resulting 
Unally  in  ordinary  debits  and  credits,  required  an  experimental  acquaintance  with  intricate 
railway  operations  in  order  to  be  met  successfully  and  directed  into  those  accounting  channels 
which  would  most  surely  promote  efficiency  and  economy. 

The  progressive  American  railway  accounting  officer,  therefore,  fills  a  position  which  requires 
knowledge  far  beyond  that  possessed  by  the  bookkeeper  or  accountant.  It  is  to  the  result  thus 
attainable  through  him  that  my  conclusion  will  be  mainly  confined. 

Uniformity  in  American  railway  accounting  methods  along  general  lines,  is  both  possible  and 
conducive  to  economy,  and  it  is  in  process  of  rapid  accomplishment  through  the  medium  of  the 
Association  of  American  Railway  Accounting  Officers.  Physical,  operating  and  traffic  conditions 
are  so  varied,  however,  that  I  much  doubt  the  advisability  of  attempting  to  unify  the  minor 
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details.  It  would  be  extravagance  embodied  to  introduce  on  the  smaller  railways  the  elaborate 
methods  employed  by  the  larger  lines  for  keeping  their  accounts;  while,  on  the  other  hand, 
serious  losses  would  follow  the  introduction  of  methods  adequate  for  the  smaller  lines  to  those 
railways  which  earn,  say.  50  millions  of  dollars  annually. 

Nevertheless,  there  are  two  factors  of  railway  accounting  which  are  capable  of  universal 
application,  and  which,  if  intelligently  and  persistently  employed,  would  undoubtedly  prove 
economically  profitable.     They  are  : 

a)  The  general  introduction  of  interline  way-billing  for  freights  interchanged  by  railways, 
either  through  individual  accounting  departments  or  the  medium  of  clearing  houses ; 

b)  The  compilation  of  comprehensive  statistics  presenting  quickly  units  of  production  and  of 
specific  costs. 

The  freight  traffic  of  America  is  growing  fast ;  producers  are  every  year  seeking  and  supplying 
more  distant  consumers,  and  this  leads  to  increased  interchanges  of  traffic  between  carriers. 

The  usual  accounting  methods  require  the  re-waybilling  of  freight  traffic  interchanged  at  each 
point  of  junction,  necessitating  elaborate  and  expensive  station  organizations,  and  resulting  in 
delays  and  not  infrequently  in  losses  and  damages. 

The  expense,  delays  and  losses  thus  caused,  may  be  materially  reduced  by  the  introduction  of 
interline  way-billing  to  all  freights  interchanged  between  carriers.  Doubtless  such  an  innovation 
would  increase  the  cost  to  audit ;  but  that  cost  would,  I  am  sure,  be  more  than  oflfeet  by  the 
saving  in  costs  incidental  to  delays,  losses  and  damages,  and  the  decrease  in  costs  to  audit  freight 
claims,  v^hich  would  reach  their  minimum  under  such  methods. 

The  increased  cost  to  audit  would  be  confined  to  the  apportionment  of  revenues  between 
interested  carriers  on  arbitrary  bases,  which  would  necessitate  a  separate  apportionment  of 
revenues  on  every  way-bill,  but  that  increase  could  be  obviated  by  the  general  introduction  of 
percentages  for  the  division  of  through  rates. 

A  central  clearing  house  at  Buffalo,  N.  Y.,  through  which  revenues  on  freight  interchanged 
between  certain  allied  lines  are  cleared,  has  been  in  operation  for  six  years.  Its  work  has 
enlarged  in  scope  and  improved  in  efficiency,  and  now  embraces,  in  addition  to  the  freights 
interchanged  between  its  originators,  trans-continentfil  and  fast  freight  line  traffic. 

The  unit  of  cost  to  audit  1  dollar  of  freight  revenue,  both  local  and  through,  varies  on 
different  lines.  On  a  representative  railway,  the  freight  revenues  of  which  approximate 
30  million  dollars  annually,  the  unit  of  cost  —  excluding  cost  to  audit  freight  claims,  but 
including  cost  to  produce  statistical  data  —  is  found  to  be  three  and  one-half  (3  Vj)  mills. 

Competition,  compelling  lower  rates,  and  the  organization  of  labor,  resulting  in  at  least 
standard  wages,  make  it  necessary  for  American  railway  managers,  especially  those  in  the 
United  States,  to  look  carefully  to  items  of  cost  to  produce. 

The  quick  and  intelligent  deduction  of  units  of  costs,  and  their  effective  application  to 
conditions  as  they  arise,  would  in  the  opinion  of  the  writer  bring  gratifying  results. 

Being  neutral,  having  to  do  with  all  branches  of  railway  operations  and  having  at  his  command 
the  material  from  which  all  railway  statistics  arc  compiled,  it  is  possible  for  the  chief  accounting 
officer,  by  the  prompt  computation  of  units  of  costs,  to  materially  increase  the  net  profits  of  the 
company  he  represents. 

The  Presidant.  (In  French.)  —  We  are  much  obliged  to  Mr.  Plant  for  his  paper. 
Have  any  of  you  anything  to  say  upon  it  ? 
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Mr.  A.  H.  Plant.  —  I  have  but  little  further  to  say  in  conqectipn  with  my  report 
on  bookkeeping,  except  to  express  the  opinion  that  the  concentration  of  aM  matter! 
pertaining  to  accounts  under  one  departmental  head,  including  the  con;ipiIation  of 
statistics,  is  most  desirable  and  economical.  The  question  of  adopting  one  uniform 
system  of  accounts  on  all  railway  has  had  very  serious  consideration,  and,  as  stated 
in  my  conclusions,  I  doubt  the  advisability  of  confining  the  accounts  of  all  railways 
to  one  uniform  method.  Uniformity  on  general  lines  is  advisable  and  economical. 
But  the  conditions  are  so  different  on  different  railways  that  I  doubt  seriously  the 
advisability  of  attempting  to  unify,  in  every  sense  of  the  word,  the  accounts  of  all 
railway  systems.  The  interchange  of  freight  traffic  between  American  railway  lines 
is  a  very  important  feature  of  accounting.  On  a  number  of  western  lines,  and 
some  of  the  eastern  lines  of  the  United  States,  through  freights  passing  over  two  or 
more  transportation  lines,  are  waybilled  from  starting  point  to  destination  without 
being  rebilled  at  junction  points.  This  is  what  we  term  interline  waybilling.  It 
avoids  the  necessity  of  re-waybilling  at  intermediate  junction  points,  and  obviates 
the  necessity  of  settlements  between  carriers  at  such  junction  points.  In  the 
opinion  of  your  reporter,  the  general  introduction  of  interline  waybilling  for  all 
freights  passing  over  two  or  more  carriers,  is  most  desirable,  and  will  add  greatly 
to  the  reduction  of  cost  to  audit,  and  also  tend  to  expedite  the  movement  of  traffic. 
In  order  to  accomplish  the  result  attainable  through  the  medium  of  interline  way- 
billing  just  referred  to,  there  has  been  established  a  clearing  house  in  one  section 
of  the  United  States  for  the  purpose  of  clearing  the  revenues  on  all  freight  traffic 
interchanged  between  certain  allied  carriers  and  fast  freight  lines.  The  clearing 
house  has  been  in  operation  something  over  six  years,  and  while  I  am  advised  that 
it  has  proved  satisfactory  so  far,  I  am  of  opinion  that  as  a  general  proposition, 
by  reason  of  various  conditions  existing  in  America,  the  introduction  of  the  clearing 
house  as  a  medium  of  clearing  freight  revenues  generally,  would  be  cumbersome, 
expensive  and  impracticable.  My  conclusions  are  that  the  only  practicable  method 
of  clearing  through  freight  passing  over  the  lines  of  two  or  more  carriers,  is 
through  the  medium  of  interline  waybilling,  with  what  is  known  as  audit  office 
settlements. 

The  President.  (In  French.)  —  We  tender  our  thanks  to  Mr.  Plant  for  his  very 
interesting  remarks,  and  we  will  now  hear  what  the  other  reporters  have  to  say 
before  opening  the  discussion  upon  the  conclusions. 

Mr.  von  Lohr,  reporter  for  all  countries ,  except  America  and  Rtissia,  (In  French.)  — 
You  will  find  in  my  paper  a  general  review  of  the  question  of  bookkeeping  as  it  now 
.stands.     I  shall  only  take  up  the  resulting  conclusions  which  are  open  to  oriiicisni. 

The  subject  is  very  complex;  it  is  no  easy  matter  to  make  a  concise  summary. 
We  three  reporters,  Mr.  de  Richter,  Mr.  Plant  and  I,  have  come  to  much  the  same 
conclusion,  namely  that  we  ought  to  get  as  much  centralization  and  as  much  simpli- 
city as  possible  in  accounting. 
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At  the  end  of  my  report,  you  will  find  a  few  projects  of  resolutions  which  I  pro- 
pose for  discussion. 
Here  they  are  : 

1®  The  organization  of  the  system  of  accountancy  depends  so  much  on  the  local  and  special 
conditions  and  necessities  of  each  railway,  that  it  cannot  form  the  subject  of  definite  rules 
universally  applicable; 

2**  The  centralization  of  the  accountants  department  has  given  excellent  results  on  those 
railways  which  have  adopted  it; 

3®  Railway  budgets  should  not  show,  by  their  figures,  definite  and  rigidly  fixed  amounts  for 
the  greater  part  of  the  figures,  but  rather  a  scheme,  because  the  conditions  of  railway  work 
require  elasticity  between  wide  limits  according  to  the  circumstances  existing  at  the  time ; 

4°  The  classification  of  expenses  and  revenue  should  be  as  simple  as  possible  and  as  similar  as 
possible  in  different  countries.  Statistics  which  cover  a  wide  field  should  be  kept  separate  from 
the  accounts  proper; 

5®  The  powers. of  authorizing  and  ordering  payment  should  be  rigorously  defined  and  as  far 
as  possible  centralized ;  the  cashiers  ofSce  should  be  organized  as  simply  as  possible,  and  in  such 
manner  as  to  involve  the  minimum  amount  of  transference  of  specie  possible,  any  reasonable 
exceptions  of  course  being  permitted; 

6^  The  organization  of  stations  account,  of  audit,  of  distribution  of  revenue  should  be  as 
simple  and  clear  as  possible ;  with  this  object,  it  is  advisable  to  eliminate  the  small  sums  from  the 
accounts  and  audit  by  the  use  of  rational  methods  (franking  stamps,  abstract  statements, 
automatic  machines,  season  or  contract  tickets,  cash  registers,  etc.); 

7°  Consequently,  it  is  of  importance  that  the  study  and  trial  of  simplifications  should  be 
earnestly  proceeded  with ; 

8°  The  greatest  use  should  be  made  of  all  modern  arrangements  destined  to  facilitate  the  work 
of  the  clerical  accountants  and  cashiers  staff  (for  example  typewriters,  copying  devices,  calcul- 
ating machines,  cheques  and  drafts,  etc.). 

Such  are  the  conclusions  that  I  suggest. 

The  President.  (In  French.)  —  We  have  heard  the  conclusions  proposed  by 
Mr.  Plant  and  by  Mr.  von  Lohr;  we  shall  next  have  those  suggested  by  Mr.  de 
Richler. 

Mr,  Margot,  principal  secretary.  (In  French.)  —  Here  are  Mr.  de  Richter's 
conclusions  : 

Our  paper  comprises  three  principal  parts,  viz.  :  1®  a  description  of  the  different  systems  ; 
2°  a  comparison  between  them  as  regards  eflSciency  and  economy,  and  3®  introduction  of 
uniformity  in  the  system  of  accounts  of  the  various  railways.  These  three  problems  may  be 
summed  up  as  follows. 

l*"  First  problem. 

There  exists  in  Russia  only  one  system  of  railway  accounts,  ru.  :  that  laid  down  by  the 
Commission  of  1884,  with  a  view  to  a  more  complete  check  on  the  financial  management  of  the 
concessionary  companies.     Being  bequeathed  by  this  Commission  to  the  State  railways,  at  the 
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time  when  taken  over  this  system  underwent  a  singular  complication,  chiefly  due  to  three 
factors  :  a)  the  relation  hetween  the  railway  estimates  and  the  legislation  affecting  tlie  State 
budget;  b)  centralization  as  regards  the  financial  treasuries  at  the  Ministry  of  Finance, 
and  c)  establishment  of  a  financial  control  quite  independent  of  the  administrative  authorities. 

Besides  these  general  features,  there  are  certain  incidental  differences  to  be  noted,  on  which 
we  will  only  touch  briefly. 

A.  —  Estimates. 

Closing  of  estimates.  —  On  the  companies*  systems,  towards  the  period  of  dravoing  up  the 
report  for  the  financial  year ;  on  the  State  railways,  three  months  after  the  eocpiration  of  the 
fifiancial  year. 

B.    —    GkNBRAL   ACX30UNTANCY. 

Centralization  of  the  general  accountancy  of  the  companies^  systems^  at  the  central  manage" 
ment^  with  delegation  of  the  accountancy  to  the  local  offices  and  to  the  main  service  branches; 
centralization  of  the  general  accoutancy  of  State  railways  at  the  local  office  of  each  system^  with 
delegation  of  the  receipts  and  expenditure  accountancy  to  the  respective  service  branches. 

C.  —  Rbckipts. 

Entering  the  receipts  of  the  companies'  lines  on  the  basis  of  the  transactions,  and  indepen- 
dently of  the  cash  settlement  in  respect  thereof,  either  at  the  departure  or  on  arrival ;  entering 
the  receipts  of  the  State  railways  on  the  basis  of  the  transactions  at  the  paying  in  offices,  and 
without  taking  account  of  the  remainder  of  the  transactions. 

D.  —  Expenditure. 

Accounting  for  outgoing  stores,  on  the  companies'  railways,  at  the  respective  cost  price  on 
entering;  on  the  State  railways  at  average  prices  laid  down  in  the  schedule  of  prices. 

2«  Second  problem. 

The  economic  principle  of  the  second  problem  consists  in  obtaining  the  maximum  effect  with 
a  minimum  of  l-abour  and  expense.  This  principle  implies  :  1°  a  division  of  the  productive 
factors,  that  is  to  say,  in  the  labour  involved  by  the  accountancy  and  financial  supervision, 
and  2**  a  simplification  of  the  machinery  for  management  of  finance^  accountancy ^  and  the 
supervision  thereof. 

To  apply  this  maxim  to  the  State  railways,  it  would  be  necessary  above  all,  to  lessen  the 
influence  of  the  three  principal  factors  which  complicate  the  arrangement  referred  to  above 
under  1®.  The  first  of  these  factors  could  only  be  remedied  by  detaching  estimates  for  the  State 
railways  from  the  general  budget  of  the  State,  save  the  carrying  over,  to  the  latter,  of  the  ultimate 
balance  from  the  State  railway  estimates ;  the  influence  of  the  second  factor  could  be  lessened* 
bj  investing  the  paying-  in  offices  with  administrative  power  as  regards  the  expenditure  service 
(as  in  Belgium)  and  that  of  the  third  factors  by  co-ordinating  the  inspection  department^  entrusted 
with  general  superviping  power  and  acting  on  the  spot,  and  giving  to  it  the  administrative 
zzccountancy  work.  Of  course  these  two  services  should  :  1*>  be  appropriate  to  the  actual  needs ; 
2°  have  a  well  defined  practical  aim,  and  3*>  constitute  an  organic  whole. 
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A.  —  Conditions  op  bfficibnct.     Means  op  obtaining  the  maximum  effect. 

Accountancy  being  only  a  means  of  tracing  transactions  in  all  their  details,  should  meet  the 
followng  requirements  :  1^  it  should  record  all  transactions,  as  they  arise;  2^  check  them  as  to 
regularity,  legality  and  utility;  3^  classify  them  according  to  the  system  of  accounts;  4°  post 
them  to  the  respective  accounts ;  5®  balance  the  accounts  at  least  once  a  year ;  6°  shew  the  balance ; 
7®  draw  up  the  balance  sheet  and  8®  see  to  the  settlement  and  clearing  of  the  accounts  through 
the  pay  offices  and  other  credit  institutions. 

As  the  assets  of  the  balance  sheet  represent  the  credit  side,  and  the  liabilities  the  debit  side  of 
the  conefim,  railway  acccMints  should  record  the  transactions  independent  of  the  settlement  or 
clearing  of  the  transaction.  Hence  the  accounts  must  record  the  dejure  rather  than  de  facto 
aspect  of  the  transactions,  contrary  to  the  system  of  accounts  in  the  financial  offices,  which  deals 
with  the  de  facto  cash  transactions  only. 

Any  ^stem  of  accounts  arranged  with  a  view  to  the  balance  sheet,  must  be  on  the  double 
entry  bookkeeping  system,  whereas  a  system  arranged  with  a  view  to  compliance  with  the 
estimates  by  the  finance  offiees,  may  be  conducted  by  single  entry. 

If  the  State  becomes  a  producer  of  economic  assets,  if  it  constructs  and  works  railways,  etc., 
the  object  of  its  accountancy  should  be  the  balance  sheet^  and  its  system  of  bookkeeping  should 
be  double  entry,  as  it  is  with  commercial  undertakings  which  recognize  no  other  object  or  system 
of  accounts. 

The  object  of  Russian  railway  accountancy,  as  indicated  by  the  Commission  of  1884,  is  none 
other  than  the  balance  sheet  of  the  concern,  the  ultimate  aim  of  double  entry.  It  comprises  both 
the  successive  transformations  of  economic  values  and  the  operations  of  the  finance  departments. 

The  object  of  the  accounts  of  the  State  finance  offices,  and  the  financial  supervision  exercised 
by  the  Court  of  accounts  in  Russia,  is  simply  the  budget  balance  shown  by  a  system  of  single 
entry  bookkeeping.  It  merely  deals  with  the  ordinary  application  of  the  funds  received  (incom- 
ings, outgoings  and  cash  in  hand). 

The  antagonism  between  the  administrative  and  executive  authorities  and  the  finoBcial  super- 
visors of  the  Russian  railways,  is  the  logical  outcome  of  the  divergent  views  as  to  the  object  of 
bookkeeping  and  the  procedure  appropriate  to  each  respective  object  (balance  sheet  of  the  concern, 
and  balance  of  the  budget).  It  might  be  said  that  the  finance  supervising  departments  fancy 
themselves  still  in  the  18^  century,  that  is  to  say,  in  a  period  when  the  functions  of  the  State 
were  restricted  to  the  maintenance  of  the  civil  and  military  forces  and  the  sinews  of  war. 

If,  in  the  exercise  of  their  functions,  the  administrative  and  executive  authorities  are  stronger 
than  the  financial  supenrisoi'B  (which  mostly  happens  in  the  case  of  companies'  railways),  the 
system  of  official  accountancy  makes  headway,  whereas  if,  on  the  other  hand,  the  financial  super- 
visors dominate  the  official  accountancy  (which  is  the  case  with  the  State  railways),  the  latter 
loses  grouatd,  without  any  advantage  to  the  supervision. 

If  the  system  of  aceouaits  of  the  administrative  authorities  progi^esaes,  it  will  centralize  itself, 
that  is  to  «&y,  it  foirtifies  itself  in  rdiation  to  the  executive  brandies.  Fortified  with  all  the  insight 
^poeseased  by  the  a-dministrative  authorities,  it  will  succeed  in  establishing  a  thorough  aud 
professional'  check,  the  administrative  authorities  alone  remaining  outside  its  financial  super- 
vision. It  bMoraes  an  urgent  need,  in  that  case,  to  orgajiize  a  general  supervision,  absolutely 
inde]^8G«tent  of  the  administrative  authorities.  This  is  the  function  of  the  central  management  of 
the  ccmpnnics'  railway  systems  and  of  the  local  institutions  of  the  Court  of  accounts  on  the  State 
railways. 
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Aa  the  coxtcessionary  companies  are  under  obligations  to  the  State,  the  differenee  between  the 
different  systems  o£  financial  supervision  become  so  infinitesimal,  that  it  is,  so  to  say,  no  longier 
possible  to  distinguish  the  two  twin  sisters  from  each  other.  With,  us,  this  is  practically 
the  rule. 

When  financial  supervision  is  exercised  through  the  central  management  of  the  railway 
system,  whether  it  is  a  preliminary  or  a  subsequent  check,  a  check  on  returns  and  vouchers,  or 
an  active  supervision,  it  is  an  excellent  thing,  provided  that  it  does  not  in  any  way  hamper  the 
regular  working  of  the  concern,  and  leaves  to  the  administrative  authorities  their  due  share  of 
initiative  and  responsibility. 

When  the  financial  check  is  exjercised  by  a  special  institution,  absolutely  independent  of  the 
administrative  authorities,  such,  as  the  Court  of  accounts,  the  preliminary  check  is  of  no  value 
except  when  preparing  the  estimates;  the  preliminary  official  check  is  simply  an  organized 
confusion  of  the  administrative  powers  and  of  the  financial  supervising  authorities,  each  exerting 
himself  to  watch  his  neighbour,  but  neither  of  them  doing  his  own  work.  This  system  aims^at 
the  form  rather  than  at  the  substance,  and  too  often  degenerates  into  a  system  of  chicanery, 
which,  in  the  end,  only  serves  to  swell  the  expenditure,  at  the  cost  of  the  contributories.  This 
is  why  a  subsequent  supervision,  embracing  all  the  items  of  the  balance  sheet  (not  merely 
confining  itself  to  seeing  that  the  budget  is  complied  with),  exercised  on  the  spot,  should 
become  the  rule  on  the  State  railways.  But  this  check,  to  be  eficctive,  should  avoid  the 
habitual  tardiness*  and  be  arranged  so  that  the  administrative  and  executive  authorities  are 
really  responsible  for  it. 

Active  supervision  is  only  a  supplementary  measure,  and  is  of  no  value  unless  the  supervision 
of  the  vouchers  and  returns,  and  of  the  accounts,  is  adequately  organized. 

B.  —  Economical  conditions. 
(Principle   of   minimum   of   labour.) 

To  attain  this  end,  it  is  requisite  to  do  only  what  is  strictly  necessary,  never  doing  the  same 
thing  twice  over,  and  to  proportion  the  labour  (and  the  expense)  to  the  object  of  the  accountancy 
and  the  supervision  thereof.  That  is  to  say,  the  machinery  of  administration  and  accountancy 
must  be  simpKfied,  the  management  of  financial  transactions  decentralized,  the  accountancy 
centralized,  and  the  accountancy  and  audit  departments  so  co-ordinated,  that  they  may,  without 
overlapping,  be  each  the  complement  to  the  other.  Lastly,  it  is  necessary  to  have  an  experienced 
and  trustworthy  staff  for  the  accounts  and  audit. 

To  ensure  simplification  of  the  administrative  machinery,  and  decentralization  of  the  financial 
management,  it  is  necessary  to  follow  up,  unceasingly,  the  progress  of  railway  science,  and  its 
application  to  the  various  railway  systems.  But  it  is  not  for  us  to  deal  with  this  vast  subject, 
which,  is  entirely  outside  the  compass  of  our  task. 

To  simplify  the  machinery  of  accountancy,  it  must  in  the  first  place  be  centralized,  so  as  to 
avoid  repetitions,  and  to  adapt  the  procedure  to  the  nature  and  importance  of  the  object,  to 
arrange  the  drawing  up  and  classification  of  the  accounts  so  that,  when  checked  by  the  account- 
ants and  auditors,  they  will  simply  require  correcting  and  totalling  once,  but  no  organic  alter- 
ation ;  and  the  limit  periods  fixed  for  the  accounts  should  be  as  long  as  possible  without  prejudice 
to  the  principle  of  a  constant  check  on  the  financial  transactions. 

To  co-ordinate  the  functions  of  acc^mntancy  and  audit,  it  is  necessary  to  proceed  to  a  rational 
division  of  their  functions  and  to  combine  them  in  an  organic  fashion ;  we  must  discard  prejudice 
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&nd  avoid  office  routine.  Financial  supervision,  as  in  all  human  institutions,  should  have  a 
practical  and  clearly  defined  object ;  it  should  follow  a  mode  of  procedure  appropriate  to  the 
nature  and  course  of  the  forms  of  official  bookkeeping ;  it  should  choose  its  own  place  and  time, 
and  should  endeavour  to  be,  instead  of  a  mere  trade,  exercised  by  any  new-comer,  if  not  a  science, 
at  least  an  art.  In  short,  it  should  do  neither  too  much  nor  too  little,  only  just  **  the  right  thing 
in  the  right  place  ",  as  the  proverb  says. 

In  fine,  the  staff",  for  bookkeeping  and  audit,  should  consist  of  persons  of  sufficient  education 
and  professional  training,  which  amounts  to  saying  that  they  must  be  remunerated  proportion- 
ately to  the  services  required  of  them;  the  salaries  of  this  staff* should  even  be  increased,  inde- 
pendently of  their  functions,  in  accordance  with  their  years  of  service,  in  order  to  create  a 
more  stable  and  devoted  body  of  officials,  more  especially  at  the  stations,  workshops  and  stores 
depots. 

Last  but  not  least,  human  labour  should  be  superseded,  when  feasible,  by  the  introduction  of 
mechanical  appliances,  which  we  have  already  alluded  to  in  discussing  this  question. 

3«  Third  problem. 

Uniformity  is  not  so  difficult  to  realize,  if  we  confine  ourselves  to  the  general  features  of  the 
problem,  and  disregard  the  details.  The  great  reform  to  be  effected  to  this  end  would  be  to 
find  the  line  of  demarcation.  Meanwhile,  we  might  stop  to  consider  the  more  modest  problem 
of  introducing  uniformity  into  the  arrangement  of  the  balance  sheet,  and  of  the  estimates  of 
expenditure  on  revenue  account. 

The  President.  (In  French.)  —  We  now  have  before  us  the  conclusions  prepared 
by  our  three  reporters.  They  differ  but  little  fundamenlally  and  I  now  declare  the 
discussion  open  upon  these  conclusions.     Does  anyone  wish  to  speak? 

Mr.  Lionel  Yarie,  French  Northern  Railway.  (In  French.)  —  The  reports  which 
have  been  submitted  to  you  were  drawn  up  by  gentlemen  quite  well  up  in  what  is 
going  on  in  America,  in  central  Europe  and  in  Russia,  but  they  do  not  deal  with  the 
subject  of  bookkeeping  as  carried  out  on  the  French  railways.  Several  of  my 
French  colleagues  have,  therefore,  asked  me  to  give  you  a  rapid  and  concise  account 
of  our  method,  which  in  great  measure  satisfies  the  desiderata  expressed  in  these 
reports. 

When  the  Accountants*  Conference  for  Central  European  countries  met  at  Paris 
in  1900,  delegates  came  in  large  numbers*—  in  fact  there  were  over  a  hundred.  We 
expounded  to  these  gentlemen  the  method  of  accounting  practised  by  the  whole  of 
the  French  railway  companies,  with  special  reference  to  that  of  the  Northern  of 
France,  which  does  not  differ  very  appreciably  from  that  used  by  the  other  compa- 
nies. 

We  were  able  to  show  them  that  the  accountancy  instituted  in  France  satisfied 
the  two  requisite  desiderata  :  1.  easy  and  rapid  confirmation  of  the  results 
obtained,  2.  method  of  getting  better  results. 

The  first  essential  is  that  throughout  a  company's  business  receipts  and  expendi- 
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ture  should  be  clearly  separated,  that  the  earnings  and  expenses  departments  should 
be  under  different  jurisdictions  and  subsequently  be  connected  together  under  a 
single  superior  officer  who  classifies  the  results. 

As  regards  receipts  from  home  traffic,  they  are  got  out  by  the  receipts  accountants 
of  each  company;  as  regards  receipts  from  through  traffic,  by  the  accountants  com- 
mon to  all  the  French  companies,  and  as  regards  international  traffic,  from  the  reca- 
pitulation statements  based  upon  consignments  when  received  and  from  the  claims 
department  situated  either  in  Brussels  or  in  Germany.  In  this  way,  there  is  a  very 
thorough  supervision  of  receipts  for  the  whole  batch  of  railways. 

As  for  the  expenses,  they  are  likewise  under  the  supervision  of  a  departmental 
head  who  rapidly  and  urgently  runs  through  all  the  expenditure  charged,  and  he  can 
thus,  by  comparing  the  receipts  and  expenses  each  month,  for  the  previous  month, 
arrive  at  the  exact  position  of  expenditure  and  earnings.  Thus,  by  the  results 
obtained,  the  traffic  manager  can  modify  the  train  movement  according  to  the 
decrease  or  improvement  in  the  traffic,  so  as  to  maintain,  wittiin  the  limit  possible, 
expenditure  on  a  reasonable  basis. 

The  headquarter  departments  are  greatly  assisted  by  the  supervising  department 
directly  controlled  by  the  head  of  the  receipts  and  expenditure  department.  It  is 
the  business  of  the  latter  to  watch  constantly  all  that  goes  on  upon  the  line,  either 
in  some  continuous  way,  or  by  sending  out  officials  to  make  enquiries  at  once  when 
urgent  matters  crop  up.  Being  provided  thus,  the  superintendent  or  traffic  manager 
is  kept  informed  very  quickly.  In  the  Northern  Company,  we  get  out  the  results  of 
the  previous  month  by  the  18^^  of  the  succeeding  month.  Thus  the  position  of  the 
earnings  and  expenditure  is  very  rapidly  known. 

I  may  add  that  various  improvements  to  hurry  the  returns  and  to  ensure  satisfac-  . 
tory  service  have  been  introduced  either  at  our  stations  or  at  the  central  offices  by 
using  writing  machines,  typewriters,  and  short-hand  clerks,  all  the  latest  and  best 
means,  for  our  company  possesses  a  large  number  of  typewriting  and  calculating 
machines.  The  accounts  are  got  out  with  wonderful  speed,  and  bookkeeping  is 
likewise  carried  out  very  fast. 

Thus,  in  making  out  way-bills,  when  this  work  is  being  watched  at  our  chief 
stations,  it  will  be  noticed  that  there  are  classifying-clerks  who  make  out  the  rate 
with  lightning  rapidity;  they  do  nothing  else.  The  work  is  then  passed  on  to  cal- 
culators who  make  out  the  charge  within  the  time  it  takes  to  turn  a  handle;  the 
way-bills  then  go  on  to  typewriters,  who  in  a  few  minutes  prepare  several  statements 
in  the  most  regular  and  orderly  manner.  Each  piece  of  work  is  thus  done  by  skilled 
men  and,  as  they  are  accustomed  to  it  and  as  copies  are  made  of  everything,  no 
mistakes  occur. 

I  may  add  that  one  of  the  best  safeguards  you  can  get  in  these  bookkeeping  matters 
depends  upon  the  principle  of  keeping  the  cashiers  and  accounting  clerks,  from  top 
to  bottom,  constantly  apart.     This  is  a  system  which  makes  things  most  safe. 

But  though  keeping  the  staff  apart  is  easy  at  large  stations,  it  is  much  more  diffi- 
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cult  at  small  ones.  It  is  indeed  hard  to  separate  the  staff  at  a  station  where  for 
instance  there  is  only  one  clerk,  but  we  have  obtained  the  same  result  by  the 
following  method  :  at  small  stations,  it  is  the  business  of  the  staff  to  look  after  cur- 
rent business  and  to  some  extent  to  attend  to  the  cash  department,  but  all  the 
monthly  bookkeeping  is  done  by  travelling  accountants  who  belong  to  a  central 
point,  and  it  is  their  duty  to  keep  the  books  for  small  stations  or  stopping  places 
in  each  district.  We  thus  manage  to  subdivide  and  separate  authority  right  down 
the  scale. 

I  am  only  giving  these  data  in  a  brief  manner,  because  I  do  not  want  to  waste  the 
time  of  the  meeting.  I  hoped  to  be  able  to  show  you  in  this  way  that  thanks  to 
our  method  we  have  succeeded  in  reaching  a  maximum  amount  of  supervision  and 
speed.  We  have  indeed  succeeded  in  getting  the  receipts  and  expenses  separate,  in 
directly  and  quickly  supervising  the  expenses  and  receipts,  in  comparing  the 
receipts  and  expenses  each  month  within  eighteen  days  from  the  close  of  the  month, 
and  any  variations  that  may  arise  result  in  orders  being  given  by  the  manager 
according  to  the  circumstances  of  the  moment.  The  separation  of  the  cashier  and 
the  accountant,  typed  copies,  the  use  of  females  in  large  numbers,  the  emplojnment 
of  typewriting  machines,  classifying-clerks,  etc.,  such  are  the  bases  of  our  system. 
Despite  all  this,  and  though  the  simplifications  have  been  very  considerable  among 
companies  who  have  exceedingly  delicate  and  complex  relations  with  neighbouring 
companies,  we  have  not  suc^eded  in  reaching  as  great  simplification  as  we  should 
like.  Some  companies  have  arrangements  abroad,  involving  different  methods  of 
through  booking,  separate  entries,  etc.  We  find  ourselves  bound  to  arrange  for 
more  complicated  bookkeeping  in  this  respect,  but  as  things  are,  thanks  to  these 
reforms  the  French  Northern  Railway  has  reached.  I  do  not  say  absolute  perfection, 
but  has  succeeded  in  attaining  as  nearly  as  possible  the  desiderata  that  have  been 
expounded,  i.  e.  a  method  of  bookkeeping  which  provides  every  facility  for 
obtaining  the  results  which  we  want,  and  one  that  will  make  it  possible  to  get 
even  better  results  in  the  future. 

The  President.  (In  French.)  —  We  are  much  obliged  to  you  for  the  interesting 
information  you  have  given  us.     Does  anyone  else  wish  to  speak? 

Mr.  C.  P.  Mo88op,  North  Eastern  Railway,  Great  Britain.  —  Mr.  President,  I  should 
like  to  ask  Mr.  Plant  if  in  the  inquiries  that  he  has  been  making,  he  has  considered 
whether  the  concentration  of  accounts  is  applicable  to  English  railways.  It  seems 
to  me  the  exclusion  of  express  or  light  goods  traflSc,  makes  a  great  deal  of  difference 
in  the  amount  of  work  that  is  thrown  on  the  audit  office.  Every  way-bill,  as  I 
understand  it,  is  in  America  sent  to  the  audit  office,  and  there  ascertainment  of  rates 
and  tonnages  are  checked,  notwithstanding  that  this  has  already  been  done  at  the 
receiving  station.  Taking  the  North  Eastern  Railway  of  England  as  an  example,  we 
have  a  large  freight  traffic.  We  try  to  concentrate  the  accounts  as  far  as  we  can. 
On  the  heavy  mineral  traffic,  there  is  no  way-bill  issued  at  all.   The  colliery  compa- 
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nies  make  the  declaration,  and  that  declaration  is  accepted  by  the  auditors,  for 
charging  purposes.  Checking,  of  course,  is  done  by  wagon  returns,  and  we  teist 
the  weights  occasionally;  but  no  way-hill  is  issued  at  all  for  the  huge  movement  of 
our  mineral  traffic,  which  traffic  amounts  to  something  like  40  million  tons  out  of 
a  total  of  54  million  tons  a  year.  But  the  other  14  million  tons  of  general  mer- 
chandise traffic  involves  the  issue  of  something  like  40  million  of  invoices  or  way- 
bills, as  you  call  them  in  your  country.  I  was  wondering  whether  the  large  quan- 
tity of  way-bills,  or  the  comparatively  large  quantity  in  relation  to  the  tonnage, 
would  make  any  difference  in  Mr.  Plant's  conclusion  that  these  way-bills  should  be 
sent  to  be  audited  and  checked  again,  although  they  are  checked  by  qualified  clerks 
at  the  receving  stations. 

Mr.  Lionel  Marie.  (In  French.)  —  I  beg  to  supply  the  following  answer.  The 
method  we  employ  in  no  way  excludes  or  is  special  to  ^n  individual  railway  system 
or  to  any  particular  country.  Consignments  can  be  despatched  either  in  bulk  or  in 
broken  loads,  either  in^  full  truck  loads  or  train  loads ;  we  have  indeed  on  some 
French  lines,  a  traffic  like  what  has  just  been  mentioned  consisting  of  millions  of 
tons  carried  without  way-bills,  but  we,  in  France,  always  make  out  way-bills.  For 
instance,  the  Northern  of  France  Railway  carries  about  45  million  tons  of  coal 
annually  from  the  Northern  and  Pas-de-Calais  mines.  Every  day  an  average  of 
50,000  tons  is  carried.  All  these  consignments  are  efiected  under  the  system  to 
which  I  have  alluded,  without  a  single  exception,  and  I  may  add  without  any  diffi- 
culty for  the  following  very  simple  reason  :  in  order  to  simplify  matters  even  more 
than  I  explained  just  now,  we  arranged  that  the  mining  companies  which  get  out 
the  coal  and  load  it  on  their  private  sidings,  should,  in  the  first,  place  themselves 
marshal  the  trucks  and  secondly  prepare  all  the  consignment  notes. 

These  way-bills  are  not  very  difficult  or  very  complicated,  because  the  consign- 
ments, of  which  there  are  an  immense  number,  are  sent  in  batches,  and  one  way- 
bill is  enough  for  a  whole  series  of  trucks.  These  batches  often  amount  to  200  tons, 
and  consist  at  times  of  even  twenty  20  ton  wagons,  or  400  tons  for  a  single  consign- 
ment, I  may  add  that  the  whole  thing  is  extremely  easy.  By  agreement  with  the 
mining  companies,  we  supply  them  with  typewriting  machines  and  printed  forms, 
our  own  priiilci  ''orms.  Their  staff  fill  in  the  consignment  notes  with  our  type- 
writing machines.  These  are  very  easy  to  prepare,  because  they  are  almost  always 
for  the  same  destination,  as  the  companies  are  almost  always  shipping  to  the  same 
points. 

The  result  is  that,  for  instance,  in  the  mines  of  which  I  am  speaking,  the  trucks 
supplied  during  the  day  are  loaded  that  day,  and  handed  over  the  same  evening  with 
all  the  way-bills  classified  to  our  staff,  who  have  nothing  to  do  but  see  that  the 
number  of  way-bills  handed  over  or  the  tonnage  stated  on  these  notes,  corresponds 
accurately  with  the  trucks  that  have  been  handed  over  loaded.  The  whole  matter  is 
therefore  exceedingly  simple.    Accordingly,  in  reply  to  the  question  just  asked,  it 
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is  very  easy  to  make  out  the  way-bills  very  expeditiously  and  very  cheaply  for  con- 
signments of  goods  in  bulk. 

As  regards  consignments  of  small  parcels,  for  instance,  by  fast  trains,  here  comes 
in,  as  I  have  told  you,  the  subdivision  of  the  work.  The  business  is  carried  out 
with  so  much  speed,  that  at  festival  times  we  find  as  many  as  8,000,  10,000  or 
15,000  consignments  being  dealt  with  at  a  single  station  within  a  few  hours,  and  all 
the  way-bills  properly  made  out.  It  is  an  incontestable  fact  that  the  method  we 
pursue  has  produced  results  which  we  find  quite  satisfactory,  and  that  we  are 
extending  it  throughout  our  system  for  all  consignments  despatched  either  by  fast 
trains  or  in  broken  lots  or  in  truck  loads  or  in  full  train  loads. 

Mr.  A.  H.  Plant,  reporter.  -  Mr,  President,  in  response  to  Mr.  Mossop's  question 
as  to  the  way-billing  of  small  package  freight,  I  would  say  that  physical  conditions 
in  the  United  States,  and  I  may  say  in  North  America,  with  respect  to  package 
freights  are  somewhat  different  from  what  they  are,  as  I  take  it,  in  England,  in 
France,  and  in  other  places  on  the  continent.  In  North  America,  regular  organized 
express  companies  handle  largely  the  parcel  or  package  freights.  Express  com- 
panies contract  with  railroad  companies  to  transport  such  freights  in  the  trains  and 
cars  of  the  railroad  companies.  The  express  companies  receive,  way-bills,  care  for 
and  deliver  such  packages;  the  railroad  companies,  therefore,  do  not  as  in  England, 
France  and  continental  Europe,  transport  this  small  package  or  parcel  freight;  there- 
fore the  necessity  for  way-billing  and  accounting  for  that  class  of  traflSc  does  not 
exist  with  the  American  railroad.  However,  it  is  customary  with  the  express  com- 
panies, to  way-bill  each  package  or  parcel  of  freight  handled  by  them  in  the  same 
manner  that  the  railway  companies  way-bill  freights  entrusted  to  their  care.  Each 
package  or  parcel  of  freight  handled  by  the  express  companies,  is  way-billed.  Two 
or  more  packages  or  consignments,  however,  originating  at  and  destined  to  groups 
of  stations,  are  way-billed  on  the  same'  way-bill.  It  is  the  universal  custom  in 
America,  to  enter  each  consignment  of  freight  on  a  way-bill.  I  do  not  wish  to 
convey  the  idea  that  a  separate  way-bill  is  made  for  each  consignment;  on  the  other 
hand,  it  is  the  practice  to  enter  on  one  way-bill  a  number  of  consignments  going 
from  and  to  the  same  destination  via  the  same  route  when  loaded  in  the  same  car. 
It  is  also  the  practice  to  way-bill  on  one  way-bill  a  number  of  consignments  from 
one  station  to  various  destinations  vid  the  same  junction  or  terminal  point,  when 
loaded  in  the  same  car.  Thus  we  have  on  one  way-bill  twenty,  thirty  or  forty 
different  shipments.  The  rule  generally  prohibits  the  way-billing  on  one  way-bill 
of  shipments  loaded  in  more  than  one  car.  This  rule,  however,  is  deviated  from 
on  some  of  the  lines  having  heavy  coal  traffic.  It  is  the  practice,  of  some  lines,  to 
way-bill  on  one  way-bill  a  train-load  of  coal  cars  moving  from  one  point  to  one 
destination.  This  method  is  followed  on  lines  having  a  common  destination  for  its 
coal.     It  is  not  practised  by  lines  having  a  diversified  coal  traffic. 

With  respect  to  the  remarks  made  by  Mr.  Marie,  I  wish  say  to  that,  as  a  general 
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proposition,  Ihe  accounts  of  railways  in  the  United  States,  in  respect  to  receipts  and 
disbursements,  are  kept  by  one  general  head,  namely,  the  accounting  department. 
The  financial  or  treasury  department  is  separate  and  distinct  from  the  accounting 
department.  The  chief  accounting  officer  has  charge  of  the  accounts  of  both 
revenue  and  expenditures.  He  also  has  charge  of  the  general  accounts  of  the 
company.  It  is  possible,  under  American  methods,  to  produce  operating  results  for 
a  given  month  within  ten  days  after  the  close  of  the  month  for  which  reports  are 
made.  The  time  for  producing  operating  results  varies,  however,  according  to  the 
mileage  of  the  line  and  amount  of  business  done.  Final  results  are  obtained 
generally  not  later  than  thirty  days  after  the  close  of  the  month  on  the  largest 
American  lines.  General  managers  and  division  operating  officers  are  furnished 
promptly  with  results  of  operations.  As  an  illustration,  I  have  in  mind  a  line 
whose  mileage  is  in  excess  of  7,000  miles  of  line,  earnings  between  40  and 
SO  million  dollars  annually.  The  results  both  as  to  operating  expenses,  in  detail, 
together  with  statistical  data  showing  the  units  of  cost  to  produce,  is  completed  and 
submitted  to  the  operating  officers  within  twenty-eight  days  after  the  close  of  the 
month.  It  will,  therefore,  be  seen  that  it  is  possible  for  railways  in  America  to 
produce  quickly  and  satisfactorily  reports  showing  operating  conditions.  Account- 
ing officers  of  American  railways  are  constantly  striving  to  produce  reports  of 
operations  which  will  bring  quickly  and  intelligently  to  the  attention  of  the  oper- 
ating officers  the  units  of  costs  incidental  to  the  production  of  traffic,  fn  order 
to  place  such  results  quickly  and  intelligently  before  the  operating  officers  of 
the  lines  I  represent,  I  have  been  experimenting  with  graphic  charts,  on  which 
the  various  units  of  costs  to  produce  are  shown.  This  method,  in  my  opinion,  will 
place  before  the  operating  officer  quickly  and  comprehensively,  the  results  of  his 
operations.  I  shall  be  very  glad  to  exhibit  these  charts  to  any  of  the  members 
who  may  desire  to  see  them,  and  explain  the  method  through  which  they  are  being 
carried. 

Mr.  Lionel  Marie.  (In  French.)  —  I  quite  agree  with  Mr.  Plant.  The  method  of 
organization  impressed  me  much  when  I  read  Mr.  Plant's  report  on  bookkeeping. 
Still,  with  the  organization  we  possess,  we  manage  to  do  as  follows  quite  normally 
and  regularly  :  we  have  a  railway  which  of  course  is  not  7,000  miles  long,  but  we 
own  4,000  kilometres  {^,^00  miles)  and  our  traffic  is  very  heavy  On  the  18**^  of 
each  month,  we  know  the  exact  position  of  the  receipts  and  expenses.  Having 
this  statement  before  him,  the  superintendent  of  the  line  can  come  to  any  decisions, 
deduce  his  conclusions  and  give  instructions  by  the  20***  as  to  what  modifications  he 
wants,  either  in  the  number  of  trains,  or  in  their  loading,  etc.  With  absolute  regu- 
larity and  by  no  means  exceptionally,  I  get  a  statement  of  all  the  expenditure  on  the 
18^**  of  each  month.  The  head  of  the  expenditure  department  sends  them  in ;  they 
are  transmitted  two  days  later  to  the  superintendent  of  the  line  who  is  in  possession 
of  all  the  facts  to  enable  him  to  give  his  instructions  by  the  20'^  of  the  following 
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month.     For  instance,  on  the  20'**  of  May  he  has  the  figures  relating  to  the  month 
of  April,  and  this  is  the  normal  state  of  affairs. 

Mr.  C.  P.  Mossop.  —  Mr.  President,  Mr.  Plant  has  not  completely  answered  my 
inquiry.  In  regard  to  the  heavy  mineral  traffic,  namely  coal,  lime  and  limestone, 
we  have  not  any  difficulty  at  all.  It  is  pure  concentration  of  accounts,  and  we  are 
the  largest  freight  carriers  in  the  world,  measured  by  tons,  except  the  Pennsylvania 
and  German  State  railways.  It  is  the  general  merchandise  to  which  I  refer,  which 
amounts  lo  14  million  of  tons  a  year  out  of  o4  million  of  tons.  For  this  general 
merchandise,  by  freight  trains  we  have  to  issue  [notwithstanding  that  we  use  one 
way-bill  for  as  many  entries  as  pass  between  any  pair  of  stations  in  the  day]  some- 
thing like  10  million  way-bills.  It  is  easy  to  see  how  much  work  that  w^ould  involve, 
if  in  addition  to  the  ordinary  accounting  and  statistical  work,  we  have  to  go  through, 
the  checking  of  rates  and  charges  was  added.  Would  the  difference  in  the  number 
of  entries  make  any  difference  in  Mr.  Plant's  conclusion?  Our  interline  way- 
billing  is  complete  in  England.  We  have  not  such  a  thing  as  re-booking  from  a 
junction.  For  every  pair  of  stations  we  have  a  separate  entry,  and  the  amount  of 
labour  would  be  enormous  if  we  were  to  follow  out  the  first  suggestion  by  Mr.  Plant. 
We  believe  in  concentration,  if  it  can  be  done  economically.  I  thought  that 
Mr.  Plant  had  given  so  much  attention  to  it,  that  he  might  have  come  to  some 
conclusion  as  lo  whether  it  would  be  economical  for  a  big  freight-carrying  com- 
pany in  England  to  do  it. 

Mr.  A.  H.  Plant.  —  Mr.  President,  in  further  response  lo  Mr.  Mossop's  query, 
I  will  explain  briefly  how  the  traffic  of  the  United  States  is  way-billed.  We  will  deal 
with  what  we  term  our  merchandise  traffic,  that  is,  traffic  from  New  York,  the  prin- 
cipal port,  to  the  interior.  Each  separate  consignment  is  way  billed.  However, 
two  or  more  consignments  to  the  same  destination  may  be  placed  on  the  same 
way-bill.  As  a  result,  all  traffic  forwarded  from  New  York  to  Memphis,  Tennessee, 
by  one  road  and  on  one  day,  if  loaded  in  the  same  car,  can  be  way-billed  on  one 
way-bill  necessitating  only  one  entry  in  the  audit  office  for  that  way-bill.  But  each 
piece  of  freight  handled  on  the  railways  of  the  United  States,  must  be  accompanied 
by  a  way-bill,  and  on  most  of  the  roads,  it  matters  not  whether  the  freight  be  com- 
mercial or  company  freight,  a  way-bill  must  accompany  it.  Each  way-bill,  as  a 
general  proposition,  —  and  it  is  almost  universal  —  is  reported  by  the  forwarding 
agent  to  the  accounting  officer.  A  copy  of  the  way-bill  accompanies  the  report  in 
a  large  number  of  cases ;  that  is,  on  a  large  number  of  roads.  On  some  roads, 
different  methods  prevail.  At  destination,  the  way-bill  is  carefully  examined  by 
the  receiving  agent.  It  is  tested  as  to  correctness  of  classification,  rate  and  revenues. 
The  way-bill  is  then  reported  by  the  receiving  agent  to  the  accounting  officer  of  his 
line  The  two  reports,  namely,  the  forwarded  report  and  the  received  report,  are 
checked  and  balanced,  one  against  the  other.  In  that  way,  the  audit  office  has  the 
record  from  both  ends  of  the  shipment  as  to  the  amount.     They  avoid  the  possibility 
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through  that  medium  of  losing  track  of  the  way-bill,  or  of  its  being  suppressed  by 
the  agent.  We  have  a  record  of  the  freight  as  it  starts  and  as  it  is  received.  We 
check  one  record  against  the  other,  and  assure  ourselves  we  gel  revenue  on  every 
way-bill  originated. 

That,  in  substance,  is  our  method  of  handling  freight.  In  some  of  the  audit 
offices,  copies  of  the  way-bills,  as  made  by  the  forwarding  agent,  are  carefully 
examined.  The  classifications,  revenues,  rates,  and  so  forth,  are  tested  in  the  audit 
office.  In  that  way,  we  have  two  checks  on  the  correctness?  of  the  way-billing,  one 
in  the  audit  office,  the  other  in  the  agency  at  destination. 

On  quite  a  number  of  lines,  the  audit  office  check  of  rates,  etc.,  has  been  abolished, 
believing  that  the  cost  to  make  that  check  would  be  greater  than  the  saving  there- 
from. Experience  on  the  Southern  Kailway  demonstrated  that  fully  80  per  cent  of 
the  errors  discovered  in  the  audit  office  were  discovered  and  corrected  by  the  desti- 
nation agent.  Therefore,  we  had  a  duplication  of  corrections.  On  that  showing, 
I  discontinued  the  expense  in  the  audit  office,  because  the  saving  did  not  justify 
the  outlay. 

Mr.  E.  L.  Wedgwood,  North  Eastern  Railway,  Great  Britain.  —  Mr.  President, 
I  hope  the  members  of  the  section  will  excuse  me  if  I  refer  to  a  subject  that  has  been 
touched  upon  already  this  morning,  although  it  has  not  been  fully  gone  into,  and 
that  is  the  question  of  cost  statistics. 

The  railway  I  represent  has  been  considering  the  preparation  of  statistics  of  that 
kind,  and  we  have  not  arrived  at  finality  yet.  We  are  at  present  getting  out  within 
a  month  after  the  date  of  the  actual  occurrences,  statistics  of  the  ton-miles  worked 
per  engine  hour,  but  we  recognize  that  that  is  not  the  final  figure  giving  the  cost  of 
our  working.  We  give  the  cost  per  ton-mile  under  the  various  classes  of  expen- 
diture. To  do  that,  we  have  found  a  good  many  difficulties  to  overcome,  and  it 
would  interest  me,  and  I  think  some  others  here,  if  we  could  learn  from  represen- 
tatives of  American  railways,  how  they  have  overcome  those  difficulties.  Perhaps 
Mr.  Plant  will  be  kind  enough  to  enlighten  us. 

The  first  difficulty  has  been  the  division  of  expenses  between  freight  and  passenger 
traffic.  We  have  not  yet  settled  how  to  make  that  division.  It  is  pretty  clear  at 
first  sight,  that  division  by  receipts  or  by  ton-miles  would  be  unsatisfactory,  and  it 
would  interest  me  to  hear  if  American  railways  have  gone  into  the  question  with  a 
view  of  making  an  accurate  division  of  the  two  classes  of  expenditure. 

The  second  difficulty  we  have  to  encounter  lies  in  the  distinction  between  capital 
and  revenue  expenditure.  There  are  a  large  number  of  items  of  expenditure  where 
the  location  of  the  items  is  not  decided  at  the  time  of  the  expenditure ;  it  is  perhaps 
left  undecided  for  six  months.  I  should  be  glad  to  know  if  the  Southern  Railway, 
for  instance,  in  working  out  their  operating  statistics  have  distinguished  between 
ordinary  revenue  expenditure  and  expenditure  on  improvements  or  on  additional 
lines. 
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Thirdly,  I  should  like  to  know  whether  anything  has  been  done  on  American 
railways  in  the  direction  of  obtaining  statistics  for  each  division  separately  as  well 
as  for  the  lines  as  a  whole.  I  notice  that  in  Mr.  Plant's  report,  he  gives  a  summary 
of  the  statistics  for  his  line,  and  I  judge  from  his  report,  that  those  statistics  are 
tested  by  the  percentage  that  the  expenses  bear  to  the  receipts.  That  percentage 
varies  very  much  from  month  to  month,  and  it  appears  to  me  that  the  comparison 
must  be  a  very  unsatisfactory  one.  The  expenditure  on  maintenance  of  way  or  of 
equipment  varies  very  heavily  from  month  to  month,  and  that  must  make  any  com- 
parison of  one  month  with  another  month  unsatisfactory. 

Mr.  A.  H.  Plant.  —  In  reply  to  Mr.  Wedgwood  with  respect  to  his  three  difficul- 
ties, I  will  say  that  in  respect  to  the  division  of  operating  expenses  as  between 
freight  and  passenger  traffic,  I  do  not  recall  any  railroad  in  the  United  States  which 
has  been  successful  in  separating  its  costs  of  operation  to  produce  passenger  and 
freight  revenue.  It  has  been  tried  a  number  of  times  by  different  lines,  but  my 
opinion  is  that  it  was  abandoned  as  being  impracticable. 

The  Interstate  Commerce  Commission,  a  branch  of  the  national  government, 
which  requires  railroads  of  the  United  States  to  make  annual  reports  and  returns, 
for  a  time  required  the  separation  of  operating  costs  as  between  passenger  and 
freight.    That  requirement,  however,  was  abandoned  as  being  impracticable. 

It  is  the  practice  of  two  or  three  American  railways  to  apportion  their  operating 
expenses  to  passenger  and  to  freight  traffic.  That  apportionment  is  made,  1  might 
say,  arbitrarily.  Some  of  the  costs  are  apportioned  on  basis  of  train  miles  and 
other  costs  on  basis  of  engine  miles,  while  still  other  costs,  such  as  general  expenses, 
are  apportioned  on  basis  of  revenues  earned.  1  feel  sure,  that  the  accounting  officers 
making  that  apportionment,  are  not  satisfied  that  it  is  equitable,  or  that  the  results 
arrived  at  accurately  set  forth  the  cost  to  produce  either  class  of  traffic.  The  appor- 
tionment made  by  those  lines,  as  I  understand  it,  is  a  matter  of  local  information  to 
the  operating  officers. 

As  to  the  second  difficulty  mentioned  by  Mr.  Wedgwood,  1  advise  that  as  a  general 
rule,  American  railways  do  not  encounter  the  difficulty  mentioned.  The  lines 
between  operating  expenses,  improvements  and  betterments  and  charges  to  capital 
account,  are  very  clearly  drawn,  and  as  a  general  thing,  American  railways  know  to 
what  account  an  expenditure  will  be  charged  at  the  time  it  is  authorized  or  made. 
There  is  in  existence  a  classification  of  operating  expenses  which  is  divided  into  four 
general  heads,  namely,  maintenance  of  way  and  structures,  maintenance  of  equip- 
ment, conducting  transportation  and  general  administration.  Those  four  general 
heads  are  subdivided  into  various  sub-heads,  which  include  all  items  of  expen- 
ditures incident  to  maintenance  and  operation,  and  to  those  sub-heads  all  expen- 
ditures incident  to  maintenance  and  operation  are  charged.  A  large  number  of 
American  railways  have  what  is  known  as  an  improvement  and  betterment  account, 
to  which  is  charged  expenditures  made  for  improvements  and  betterments  which 
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cannot  be  properly  classified  as  incidental  to  operations,  and  which  are  not  char- 
geable to  capital.  Charges  to  capital  account  generally  embrace  all  additions  to 
property,  such  as  new  and  additional  equipment,  additional  or  branch  lines,  real 
estate  and  similar  acquisitions. 

As  to  Mr.  Wedgwood's  third  difficulty,  namely,  the  production  of  operation  sta- 
tistics for  each  operating  division  as  well  as  for  the  line  as  a  whole,  I  will  say  that  it 
is  the  practice,  on  a  majority  of  American  railways,  to  produce  statistical  data,  both 
in  respect  to  earnings  and  operating  costs  by  operating  divisions.  Such  results  are 
produced  monthly  on  the  Southern  Railway  without  difficulty,  and  are  promptly 
reported  to  the  division  operating  officers.  Our  practice  is  to  first  produce  the 
revenues  from  the  various  sources  and  the  operating  expenses  under  their  respec- 
tive heads  for  the  line  as  a  whole.  Those  results  are  reduced,  as  far  as  practicable, 
to  units  of  earnings  and  of  costs  for  the  several  classes,  after  which  both  the  revenues 
and  operating  costs  are  divided  into  districts,  the  results  of  which  show  the  efficiency 
of  the  difierent  districts  into  which  the  system  is  divided.  The  third  division  is 
between  the  several  operating  divisions  in  the  various  districts.  Both  the  revenues 
and  the  costs  are  apportioned  to  operating  divisions,  on  basis  of  accruals  and  reduced 
to  units  of  earnings  and  units  of  costs.  The  results  thus  produced  are  used  by  the 
division  operating  officer  in  regulating  and  adjusting  excessive  costs  to  produce. 
It  is  true  that  the  percentage  of  operating  costs  to  revenues  will  fluctuate  widely  at 
times.  Such  fluctuation  does  not  always  indicate  economical  or  extravagant  opera- 
tions, but  when  the  revenues  and  the  costs  are  reduced  to  units,  the  economical  or 
extravagant  operation  is  plainly  shown,  and  through  this  method  is  susceptible  of 
explanation  and  correction. 

Mr.  C.  W.  Appleyard,  Central  South  Africa  Government  Railways.  —  Mr.  President, 
in  connection  with  what  Mr.  Plant  ha$  been  good  enough  to  tell  us  as  to  the  methods 
of  comparing  statistics,  I  should  very  mqch  like  to  have  some  additional  information 
as  to  the  method  of  arriving  at  sectionaKexpenditure  in  statistics;  I  should  like  to 
know  on  what  basis  of  expenditure  the  division  is  made  as  between  diff'crent  sections. 
In  the  Central  South  Africa  Railways,  we  have  a  mileage  of  about  1,500  miles  and,  as 
conditions  are  not  the  same  on  diff'erent  parts  of  the  lines,  the  system  is  divided  into 
several  sections,  and  we  attempt  to  work  out  our  costs  on  each  section;  but  a  good 
many  difficulties  arise.  Certain  expenditure  we  can  allocate  pretty  accurately,  but 
over  and  above  such  expenditure  there  is  general  expenditure.  One  instance  : 
general  charges.  I  would  like  to  know  how  that  is  divided  in  the  case  of  Americjin 
railways. 

And  as  to  expenditure  on  betterment,  I  notice  from  statistics  of  some  Americin 
railways  that,  probably  as  the  result  of  better  working,  the  expenditure  per  ton  per 
mile  has  decreased  or  did  decrease  up  until  about  1900,  and  that  from  1900  tlie 
statistics  show  a  tendency  to  an  increase.  I  am  referring  now  to  statistics  I  have 
seen  in  reference  to  the  Pennsylvania  lines,     f  presume  that  that  is  due  to  certain 
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charges  for  betterment  being  included  in  working  charges,  and  I  should  like  to 
know  whether  that  is  included  in  the  ton-mile  costs. 

There  are  certain  other  diflBculties  in  regard  to  very  expensive  sections  of  the  line. 
I  am  speaking  now  of  Johannesburg,  which  you  will  probably  recollect  is  practically 
in  the  centre  of  our  system.  Tihe  expenses  of  handling  traiSc  in  Johannesburg  and 
vicinity  are  pretty  high,  and  that  has  been  treated  for  statistical  purposes  as  a  sep- 
arate section  of  the  line;. but  as  the  handling  charges  are  heavy  and  as  they  are  in 
respect  of  traflSc  passing  over  other  sectioos  of  the  .line,  it  does  not  seem,  fair  to  charge 
Uie  whole  of  the  expenditure  to  the  one  section. 

I  should  be  glad  to  know  from  Mr.  Plant  whether  in  any  similar  zone  in  the  United 
States,  where  the  expenses  of  handling  traffic  are  out  of  proportion  to  the  ordinary 
expenditure,  the  charge  is  always  made  against  that  section  of  road. 

Mr,  A.  H.  Plant.  —  As  to  the  question  raised,  I  suppose  we  have  the  same  condi- 
t  ons  in  America  as  my  friend  has  in  South  Africa  as  to  extra  heavy  lines.  1  know 
of  but  few  instances  where  any  difference  in  the  general  method  of  distributing 
operating  expenses  is  made  in  respect  to  those  heavy  lines.  As  a  general  propo- 
sition, they  are  charged  with  their  full  proportions  of  cost  to  operate.  I  have  known 
instances  where  those  particular  divisions  were  given  in  the  distribution  of  the 
revenue  a  higher  revenue  percentage  to  overcome  in  a  measure  their  physical  dis- 
ability. It  is  customary,  on  some  lines  in  the  division  of  revenues,  particularly 
revenues  from  freights,  to  allow  a  certain  arbitrary  percentage  of  the  revenue  to 
each  terminal  line,  to  overcome  the  cost  of  handling,  the  intermediate  line  or  divi- 
sion having  no  cost  of  that  character  whatever.  In  some  cases  where  we  have  heavy 
terminal  expenses,  I  have  known  cases  where  extra  allowances  were  made  from  the 
revenues  to  overcome  those  costs. 

As  to  the  ratios  mentioned  in  respect  to  the  Pennsylvania  Railroad,  I  beg  to  say 
that  Mr.  Riebenack,  the  comptroller  of  the  Pennsylvania  Railroad  Company  is  with 
us,  and  I  should  prefer  to  have  him  explain  that  question.  I  think,  though,  as  a 
general  proposition  the  improvements  and  betterments  which  are  not  charged  direct 
to  operating  expenses  do  not  enter  into  the  units  of  cost  —  they  are  excluded.  In 
other  words,  our  units  of  cost  are  confined  entirely  to  such  costs  as  enter  into 
operating  expenses. 

Mr.  M.  Eiebenack,  Pennsylvania  Railroad.  —  I  did  not  clearly  hear  Mr.  Appleyard's 
questions.  What  was  the  reference  you  made  to  the  Pennsylvania  Railroad 
Company? 

Mr.  C.  W.  Appleyard.  —  In  the  statistics,  in  the  last  report  showing  the  cost  per 
ton-mile,  the  figures  show  a  tendency  in  a  downward  direction  up  to  about  1900, 
I  think,  and  then  the  cost  per  ton-mile  begins  to  show  a  slight  increase.  I  wondered 
whether  that  was  due  to  the  inclusion  of  the  cost  of  betterments. 

Mr.  M.  Eiebenack.  —  No  Sir,  it  is  not.     To  go  back  to  the  reference  to  the  ques- 
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tion  of  division  of  expenses,  it  is  not  possible  to  pvoperiy  divide  them  between 
passenger  and  freight;  the 'Pennsylvania  Railroxd  Company  has  always  divided  these 
expenses  on  an  arbitrary  basis,  which  was  started  nearly  forty  years  ago,  and  for 
our  purposes,  and  fco*  the  information  of  the*  officers,  itanswers  every  requirement 
as  to  what  course  they  will  take  in  the  managementof  the  property.  Our  division 
is  made  on  the  basis  of  freight  and  passenger  locomotive  mileage,  excluding  work 
locomotive  mileage,  and  our  offieens.hai^  always  Insisted  on  having  it  keptup  and 
the  results  published  in  the  annual  report; 

I  do  not  claim  that  this  method  could  be  generally  adopted;  I  think  that  the 
absolute  division  of  freight  and  passenger  expenses  is  impracticable,  and  impos- 
sible; but,  if  necessary,  railroads  can  devise  something  to  answer  their  purposes  the 
same  as  we  have  done.  We  have  taken  the  locomotive  mile  (freight  and  passenger) , 
and  other  railroad  companies  can  do  this  and  obtain  data  which  may  meet  their 
needs.    A  general  rule  cannot  be  established  which  will  be  satisfactory  to  every  one. 

Mr.  Lionel  Marie.  (In  French.)  —  Among  the  French  companies  we  find  no 
serious  difficulty  in  working  out  the  statistical  results  that  are  given  each  year  in 
the  annual  returns,  both  in  passenger  and  goods  units. 

The  President.  (In  French.)  —  These  difficulties  unquestionably  exist  so  far  as 
concerns  the  apportionment  of  the  expenditure  common  to  the  different  kinds  of 
traffic.    This,  I  think,  is  what  these  gentlemen  want  to  point  out. 

Mr.  Lionel  Marie.  (In  French.)  —  I  must  say,  as.  a  member  of  the  Intemeational 
Institute  of  Statistics,  that  of  the  results  sent  in.by  alLcountries,  thestatistics  that^re 
transmitted  to  us  from  the  United  States,  especially  those  prepared,  either  by 
Mr.  Putman  or  by  Mr.  Hyde  for  making  out  the  census,  form  a  really  remarkable 
work,  and  we  are  impressed  with  the  way  in  which  statistical  results  aie  prepared 
in  the  United  States. 

Mr.  A.  H.  Plant.  —  I  should  like  to  say,  for  the  benefit  of  the  members  here,  that 
while  it  is  possible  to  divide  operating  expenses,  that  is,  maintenance  of  way,  main- 
tenance of  equipment,  and  general  expenses  —  as  between  freight  and  passengers 
for  specific  purposes  — ,  I  must  repeat  that  I  do  not  believe  it  is  possible  to  arrive 
at  any  exact  conclusion  as  to  the  distribution  of  cost  to  produce  passenger  and  freight 
revenues.  There  are  certain  elements,  of  course,  in  maintenance  of  equipment  and 
transportation,  which  can  be  definitely  determined  and  assigned  to  both  or  to  either 
passenger  or  freight  revenues;  but  there  are  other  elements  —  and  they  predominate 
—  which  cannot  be  assigned  accurately  to  either.  Any  basis  of  division  attempted 
must  be  arbitrarily  made  and  for  local  purposes. 

lb.  James  Dongla»,  El  Paso  &  Southwestern  Railroad,  United  States.  —  While 
that  may  be  true,  in  regard  to  any  particular  railroad,.it  makes  very  little  difference 
how  we  distribute  the  accounts.     To  the  publioat  large,  who  look  at  these  statistics, 
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of  course,  of  ton  mileage,  one  railroad  makes  a  remarkable  showing  and  the  other 
does  not.  To  what  extent  is  that  remarkable  showing  due  to  the  way  in  which  the 
distribution  is  made?  Now,  would  it  not  be  possible  to  have  some  uniform  system 
of  distribution,  so  that  one  railroad  would  not  apparently  make  a  very  much  better 
showing  than  it  is  entitled  to,  and  another  railroad  make  a  poorer  showing  than  it  is 
entitled  to.  Would  it  be  possible  to  devise  a  system  of  distribution  which  would 
be  generally  accepted  and  which  would  make  the  showing  of  one  railroad  virtually 
correspond  to  the  showing  of  another  road? 

Mr.  A.  H.  Plant.  —  1  can  see  no  object  whatever  in  preparing  statistics  for  general 
purposes  unless  they  can  be  accurately  prepared,  and  I  am  of  opinion  that  if  we 
produce  on  American  railways  statistics  under  any  formula  you  please,  for  the  sake 
of  uniformity,  that  will  show  a  unit  of  cost  to  produce  a  ton  of  freight,  in  a  very 
short  while  afterwards  an  effort  will  be  made  to  base  rates  per  ton  per  mile  on  that 
unit  of  cost  to  produce.  Now,  I  claim  that  inasmuch  as  we  cannot  accurately 
determine  that  cost  to  produce,  it  should  not  be  a  matter  of  general  statistics. 

The  President.  (In  French.)  —  I  think  we  have  exhausted  this  discussion.    We 
still  have  to  formulate  conclusions. 
The  following  are  those  suggested  by  Mr.  von  Lohr  and  by  Mr.  Plant : 

^  1®  The  organization  of  the  accounting  department  is  so  dependent  on  local  and 
special  conditions  and  requirements  of  each  railway  that  it  does  not  admit  of  any 
absolute  rules  of  universal  application. 

"  2*  The  centralization  of  the  accounting  department  in  each  railroad  adminis- 
tration has  apparently  given  excellent  results  on  those  railways  which  have 
adopted  it. 

*^  3^  Railway  budgets  should  not  show  by  their  figures  definite  and  rigidly  fixed 
amounts,  but  for  the  greater  part  of  the  figures  rather  a  framework,  because  the 
conditions  of  railway  work  require  elasticity  between  wide  limits,  according  to  the 
circumstances  existing  at  the  time. 

**  4<*  The  classification  of  expenditure  and  receipts  should  be  as  simple  as  possible, 
and  as  similar  as  possible  in  different  countries. 

**  5®  The  powers  of  authorizing  and  ordering  payments  should  be  rigidly  defined 
and  as  far  as  possible  centralized;  the  cashier's  office  should  be  organized  as  simply 
as  possible,  and  in  such  a  manner  as  to  involve  the  minimum  amount  of  transfers  of 
specie,  any  reasonable  exceptions,  of  course,  being  permitted. 

"  6*»  The  organization  of  station  accounts,  auditing  and  distribution  of  revenue, 
should  be  as  simple  and  clear  as  possible.  For  this  purpose,  it  is  advisable  to 
eliminate  the  small  amounts  from  the  accounts  and  audit  by  the  use  of  improved 
methods,  such  as  the  use  of  express  companies,  franking  stamps,  abstract  state- 
ments, automatic  machines,  season  or  contract  tickets,  cash  registers  and  so 
forth. 
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^  7^  Consequently  it  is  of  importance  that  study  and  experiment  with  simplified 
measures  should  be  e^amestly  continued. 

"  8<*  The  most  extensive  use  should  be  made  of  all  modern  devices  for  facil- 
itating bookkeeping  and  clerical  work  —  for  example,  typewriters,  calculating 
machines,  etc.  " 

If  no  one  has  any  remark  to  oflFer,  these  conclusions  will  be  adopted  and  will  be 
submitted  to  the  general  meeting. 
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DISCUSSION  AT  THE  GENERAL  MEETING 


Meeting  held  on  May  12,  1905  (afternoon). 

Mr.  Stlyvesant  FISH,  President,  in  the  chair. 

General   Secretary   :  Mr.    L.    WEISSENBRLCH. 

Associate   General   Secretary  :   Mr.  W,    F.    ALLEN, 

The  President  read  the 

Report  of  the  4**"  section. 

(See  the  Daily  Journal  of  the  session^  No.  5,  p.  89.) 

"  Three  reports,  with  extensive  documents,  were  presented  on  this  subject. 

"  Mr.  A.  H.  Plant,  reporter,  drew  the  following  conclusions  :  That  it  would  be 
advantageous  to  centralize  the  accounting  and  statistical  departments  and  make  them 
as  uniform  as  possible  on  different  lines,  and  also  to  introduce  and  extend  the  use  of 
interline  way-billing  for  freights  interchanged  by  railways,  either  through  clearing 
houses  or  individual  accounting  departments. 

"  Mr.  VON  LoHR,  reporter,  presented  his  conclusions,  recommending  the  central 
ization  and  simplification  of  the  bookkeeping  and  the  budgets  of  railways,  also  as 
extensive  a  use  as  possible  of  modern  devices,  such  as  typewriters  and  calculating 
machines. 

"  Mr.  de  Richter,  reporter,  who  has  made  a  study  of  the  methods  of  bookkeeping 
employed  in  Russia  had  arrived  at  similar  conclusions. 

**  Completing  the  data  furnished  by  the  reporters,  Mr.  Lionel  Marie  {French 
Northern  Railway)  and  Mr,  C.  P.  Mosso?{North  Eastern  Railway  o/^Engftewd) explained 
to  the  section  what  is  being  done,  respectively,  in  France  and  England  :  The 
methods  on  the  whole  are  similar,  and  only  differ  from  the  American  system  as 
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regards  the  transpcnrtatlon  of  small  parcels.     In  this  connection,  Mr.  A.  H.  Plant 
mentioned  the  working  of  express  companies  in  the  United  States. 

**  At  the  suggestion  otMr.  R.  L.  Wedgwood  {North  Easiem  Raihvay  of  Xngland), 
an  exchange  of  views  took  place  between  Mr.  A.  H.  Plant,  Mr.  M.  Ribbbnagk  {Penn- 
sylvania Railroad)  and  Mr.  C.  W.  Appleyard  {Central  South  Africa  Government  Rail- 
ways) on  the  question  of  the  apportionment  of  expenses  between  the  accounts  of 
construction  and  operation,  and  then  on  the  division  of  operating  charges  either 
between  divisions  or  between  the  character  of  service  (passengers,  freight).  It 
appeared  from  the  data  furnished,  that  there  does  not  seem  to  be  any  satisfactory 
accounting  system  for  dividing  expenses  between  the  passenger  and  freight  depart- 
ments, notwithstanding  the  great  importance  of  this  matter. 

"  After  an  interchange  of  remarks  between  different  members  of  the  sections,  the 
President  submitted  to  the  section  the  following  form  of  resolution,  drawn  up  by 
Messrs.  A.  H.  Plant  and  von  Lohr,  which  was  unanimously  adopted.  " 

The  President.  —  The  following  are  the 

DRAFT  CONCLUSIONS. 

"  1^  The  organization  of  the  accounting  department  is  so  dependent  on  local  and 
special  conditions  and  requirements  of  each  railway,  that  it  does  not  admit  of  any 
absolute  rules  of  universal  application. 

^  2^  The  centralization  of  the  accounting  department  in  each  railroad  adminis- 
tration has  apparently  given  excellent  results  on  those  railways  which  have 
adopted  it. 

"^  3"  Railway  budgets  should  not  show  by  their  figures  definite  and  rigidly  fixed 
amounts,  but  for  the  greater  part  of  the  figures  rather  a  framework,  because  the 
conditions  of  railway  work  require  elasticity  between  wide  limits,  according  to  the 
circumstances  existing  at  the  time. 

^  4^  The  classification  of  expenditure  and  receipts  should  be  as  simple  as 
possible,  and  as  similar  as  possible  in  different  countries. 

"  o°  The  powers  of  authorizing  and  ordering  payments  should  be  rigidly  defined 
and  as  far  as  possible  centralized ;  the  cashier's  office  should  be  organized  as  simply 
as  possible,  and  insuch.a  manner  as  to  involve  the  minimum  amount  of  Iransters  of 
specie,  any  reasonable  exceptions,  of  course,  beii^g  permitted. 

**  6*'  The  organization  of  station  accounts,  auditing  and  distribution  of  revenue, 
shoold  be  as  simple  and  clear  as  possible.  For  this  ipuspose,  it  in  adviaable  to 
eliminate  the  small  amounts  frcon  the  accounts land  audit  i)y  Ike  flrse:of Improved 
methods,  such  as  the  use  of  express  companiisSr  Aradking  stansps;  abslraot  state- 
ments, automatic  machines,  season  or  contract  tiokels,  cafih  Tegiiters  and  so 
forth. 
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"  7**  Consequently,  it  is  of  importance  that  study  and  experiment  with  simplified 
measures  should  be  earnestly  continued. 

**  8*  The  most  extensive  use  should  be  made  of  all  modern  devices  for  facili- 
tating bookkeeping  and  clerical  work  —  for  example,  typewriters,  calculating 
machines,  etc.  " 

Mr.  de  Bichter,  reporter  for  Russia.  (In  French.)  —  I  agree  on  the  whole  with  the 
conclusions  of  the  section,  but  I  have  a  few  supplementary  remarks  to  offer. 

The  classification  of  the  headings  in  the  balance  sheet  showing  the  final  result,  in 
other  words,  the  debit  and  credit  of  the  undertaking,  is  to  my  thinking  quite  as 
Important  as  the  classification  of  the  budget.  This  is,  moreover,  required  by  the 
laws  of  some  countries.  We  should,  therefore,  alter  the  wording  of  clause  4  as 
follows  : 

"  The  classification  of  the  headings  in  the  balance  sheet  and  of  the  statement  of 
expenditure  and  receipts  should  be  as  simple  as  possible,  and  as  similar  as  possible 
in  different  countries.  " 

I  request  also  the  addition  to  the  same  clause  of  the  words  :  Therefore  it  is 
advisable  to  incorporate  in  the  programme  of  a  future  session  a  comparative  study  of 
the  classification  adopted  on  different  railways. 

As  regards  the  organization  of  the  accounting  properly  so  called,  the  conclusions 
in  clauses  2,  6,  7  and  8  only  comprise  considerations  affecting  methods  of  account- 
ing, t.  e.  its  centralization  and  simplification,  and  do  not  touch  upon  the  actual 
essence  of  the  question.  This  does  not  seem  to  me  enough.  What  should  be 
especially  pointed  out  is  the  main  object  of  accounting  which  is  solely  to  supply  the 
items  of  the  undertaking's  full  and  true  balance  sheet.  Accountancy  may  be  as 
centralized  and  simplified  as  possible  and  yet  provide  insufficient  items  for  preparing 
the  balance  sheet.  It  may  even,  a  far  more  serious  matter,  falsify  the  balance  sheet 
in  its  entirety,  by  an  arbitrary  classification  of  dealings. 

I  request,  therefore,  the  interpolation  of  the  following  paragraph  between  clauses 
5  and  6  : 

The  principal  and  final  aim  of  accounting  on  a  railroad  should  he  the  establishment 
of  a  perfect  balance  sheet  of  the  whole  enterprise^  exhibiting  the  true  financial  status  of 
the  corporation  and  the  current  working  results.  The  book  entries  should  be  supported 
by  appropriate  vouchers.  Theirfore,  railway  accounts  should  show  the  assets  and 
liabilities  divided  as  between  capital  and  working.  As  regards  the  receipts,  it  is  espe- 
cially requisite  that  their  booking  should  be  based  on  the  carriage  contracts. 

Mr.  ^mile  Henrtean,  president  of  the  4^^  section.  (In  French.)  —  We  are  very  sorry 
that  Mr.  de  Richter  arrived  too  late  to  take  part  in  the  sectional  discussion,  but  I  do 
not  think  any  objection  can  be  raised  against  a  conclusion  that  limits  itself  to  stating 
that  *^  the  classification  of  the  headings  in  the  balance  sheet  should  be  as  simple  as 
possible  ". 
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As  regards  the  last  part  of  clause  4  suggested  by  Mr.  de  Richter,  the  section 
thought  that  it  could  only  express  a  wish  without  any  dictatorial  meaning. 

Mr.  de  Kichter.  (In  French.)  —  Well,  it  is  a  simple  wish. 

Mr.  ^mile  Heurtean.  (In  French.)  —  In  these  circumstances,  the  section  has  no 
objection  to  the  addition  suggested  by  Mr.  de  Richter.  Nor  have  I  any  objection  to 
raise  against  the  first  part  of  the  amendment,  to  insert  between  the  proposed  3'**  and 
6"^  clauses  the  following  paragraph  :  The  principal  and  final  aim  of  accounting  on  a 
railroad  should  be  the  establishment  of  a  perfect  balance  sheet  of  the  whole  enterprise, 
exhibiting  the  true  financial  status  of  the  corporation  and  the  current  working  results. 
The  book  entries  should  be  supported  by  appropriate  vouchers.  Therefore,  railway 
accounts  should  show  the  assets  and  liabilities  divided  as  between  capital  and  working. 

As  for  the  last  part  of  Mr.  de  Richter's  amendment  requiring  that  the  booking 
of  the  receipts  should  be  based  on  the  carriage  contracts,  that  would  seem  to  me  to 
be  formulating  too  precise  a  rule  and  consequently  is  opposed  to  the  first  clause  of 
the  conclusions  which  states  that  "  the  organization  of  the  accounting  department  is 
so  dependent  on  local  and  special  conditions  and  requirements  of  each  railway,  that 
it  does  not  admit  of  any  absolute  rules  of  universal  application.  " 

Mr.  da  Bichter.  (In  French.) —  I  am  ready  to  withdraw  that  part  of  my  amendment. 

Mr.  ^ile  Heurtean.  (In  French.)  —Since  Mr.  <?le  Richter  is  willing  to  withdraw 
the  second  portion  of  his  proposal,  we  are  in  perfect  harmony. 

The  President.  —  Is  there  any  objection  to  that  substitution  for  No.  4? 

Mr.  A.  H.  Plant,  reporter.  —  Mr.  President  and  gentlemen,  I  should  say  not. 
Speaking  for  the  American  railways,  I  think  uniformity  in  the  classification  of 
operating  expenses  and  also  the  groupings  of  earnings  is  a  very  important  item. 
My  opinion  is  that  the  general  balance  sheet  should  be  as  clearly  and  as  concisely 
stated  as  possible  and  it  should  be  as  nearly  uniform  as  we  can  get  it.  I  fully  concur 
in  the  suggestions  made  by  Mr.  de  Richter. 

The  President.  —  The  following  are  the 

CONCLUSIONS. 

"  1®  The  organization  of  the  accounting  department  is  so  dependent  on  local  and 
"  special  conditions  and  requirements  of  each  railway,  that  it  does  not  admit  of  any 
"  absolute  rules  of  universal  application. 

*^  2*»  The  centralization  of  the  accounting  department  in  each  railroad  adminis- 
•*  tration,  has  apparently  given  excellent  results  on  those  railways  which  have 
"  adopted  it. 

•*  3*  Railway  budgets  should  not  show  by  their  figures  definite  and  rigidly  fixed 
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**  amounts,  but  for  the  greater  part  of  the  figures  rather  a  framewoTk,  because  the 
"  conditions  of  railway  work  require  elasticity  between  wide  limits,  according  to 
"^  the  circumstances  existing  at  the  time. 

^  i"*  The  classification  of  the  headings  in  the  balance  sheet  should  be  as  simple  as 
"  possible,  and  as  similar  as  possible  in  different  countries.  Therefore,  it  is 
"  advisable  to  incorporate  in  the  programme  of  a  future  session  a  comparative 
**  study  of  the  classification  adopted  on  different  railways. 

"  5°  The  powers  of  authorizing  and  ordering  payments  should  be  rigidly  defined 
^  and  as  far  as  possible  centralized;  the  cashier's  office  should  be  oiiganized  as 
^  simply  as  possible  and  in  such  a  manner  as  to  involve  the  minimum  amount  of 
"  transfers  of  specie,  any  reasonable  exceptions,  of  course,  being  permitted. 

"  6**  The  principal  and  final  aim  of  accounting  on  a  railroad  should  be  the 
•^  establishment  of  a  perfect  balance  sheet  of  the  whole  enterprise,  exhibiting  the 
"  true  financial  status  of  the  corporation  and  the  current  working  results.  The 
"  book  entries  should  be  supported  by  appropriate  vouchers.  Therefore,  railway 
"  accounts  should  show  the  assets  and  liabilities  divided  as  between  capital  and 
"  working. 

"  7**  The  organization  of  station  accounts,  auditing  and  distribution  of  revenue, 
^  should  be  as  simple. and  clear  as  possible.  For  this  purpose,  it  is  a^isable  to 
"*  eliminate  the  small  amounts  from  the  accounts  and  audit  by  the  use  of  improved 
"  methods,  such  as  the  use  of  express  companies,  franking  stamps,  abstract  state- 
•"  ments,  automatic  machines,  season  or  contract  tickets,  cash  registers  and  so  forth. 

^  8^  Consequently  it  is  of  importance  that  study  and  experiment  with  simplified 
**  measures  should  be  earnestly  continued. 

"  9<*  The  most  extensive  use  should  be  made  of  all  modem  devices  for  facilit- 
"  ating  bookkeeping  and  clerical  work  —  for  example,  typewriters,  calculating 
"  machines,  etc.  " 

—  These  conclusions  were  adopted. 
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APPENDIX 


Letter  from  J.  de  Richter,  reporter,  concerniiig 
the  conclusions  of  his  report. 


St.  Petersburg,  April  20,  1905. 

Sir, 

Finding  it  impossible  to  travel  to  Washington  so  as  take  part  personally  in  the 
i*'^  section  of  the  International  Railway  Congress  and  to  give  the  necessary  explan- 
ations to  the  provisional  conclusions  of  my  report,  I  beg  through  you  to  submit  to 
the  section  the  definite  conclusions  given  hereafter.  My  grounds  for  so  doing  rest 
not  only  on  the  data  furnished  in  my  own  report,  but  also  on  the  views  expressed 
by  my  colleagues  Messrs.  von  Lohr  and  Plant  whose  remarkable  reports  I  have 
perused  more  than  once.  To  demonstrate  clearly  the  harmony  of  the  views 
expressed  by  the  three  reporters,  I  have  added  references  to  Mr.  von  Lohr's  report 
and  conclusions  which  relate  to  each  of  the  theses  formulated  in  my  final  conclu- 
sions. That  I  have  not  done  the  same  in  the  case  of  Mr.  Plant's  very  interesting 
report,  is  not  because  I  thought  his  view  differed  greatly  from  my  own,  but  only 
because  I  had  not  time  enough  to  marshal  the  opinions  expressed  in  Mr.  Plant's 
report,  as  it  does  not  contain  final  conclusions  like  the  other  reports.  This  is  all 
the  more  to  be  regretted,  because  Mr.  Plant's  report  touches  upon  nearly  all  the 
sul^eets  dealt  with  in  my  report's  final  conclusions,  appended  to  this  letter. 

I  have  the  honour  to  remain.  Sir, 

your  obedient  sefvant, 

J.  DE  RlCHTER. 

To 

The  Prmdmi  of  the  fourth  sectim. 
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FINAL  CONCLUSIONS. 

I.  —  Organization  of  administrative  and  executive  authorities  (audit  and  accounts). 

1 .  —  The  respective  spheres  of  labour  of  the  administrative  and  executive  authorities  in  the 
audit  and  accounts  department  should  be  divided  and  delimitated  as  strictly  as  possible,  with  the 
object  of  guaranteeing  to  each  of  them  the  independence  necessary  for  action,  and  responsibility 
for  such  action,  whilst  coordinating  their  functions  in  view  of  a  common  end.  It  is  especially 
important  that  the  power  of  authorizing  and  ordering  expenditure  should  be  centralized  and 
regulated.  (iS^  also  No.  5  of  Mr.  von  Ldhr*s  conclusions.) 

2.  —  The  work  of  auditing  and  accounting  should  be  centralized,  and  devoted  to  actual 
requirements,  have  a  practical  and  well-defined  aim,  and  constitute  an  organic  whole.  [See  also 
No.  2  of  Mr.  von  U5hr's  conclusions.) 

3.  —  A  stringent  selection  of  the  staff  constituting  the  audit  and  accounts  department  should 
be  made,  with  the  object  of  facilitating  their  professional  evolution,  and,  whilst  augmenting 
their  salaries,  of  restricting  as  far  as  possible  the  number  of  the  functionaries. 

4.  —  To  supplement  the  work  of  the  men,  judicious  use  should  be  made  of  apparatus  for 
registering,  calculating,  stamping,  etc.  (See  also  No.  8  of  Mr.  von  LOhr*s  conclusions.) 

II.  —  Cash  finance, 

5.  —  Unproductive  accumulation  of  cash  in  hand,  and  the  useless  transference  of  specie, 
should  be  avoided  as  far  as  practicable,  by  the  receiving-offices  being  charged  with  the  work  of 
expenditure,  the  free  balance  of  cash  being  carried  forward  in  a  single  account.  [See  also  §  43  of 
Mr.  von  Ltthr's  report.) 

III.  —  Budget  finance, 

6.  —  The  classification  of  the  budget  of  revenue  and  expenditure  should  be  simplified,  by  the 
separation  of  matters  of  accounts  proper  from  those  comprising  the  financial  and  even  technical 
statistics.  (See  also  No.  4  of  Mr.  von  Lohr's  conclusions.) 

7.  —  The  necessary  elasticity  should  be  secured  to  railway  budgets  by  the  division  of  the 
credit  items  into  **  fixed  expenditure  "  and  **  variable  credits  "  respectively;  fiuctuations  of 
traffic,  and  of  the  consequent  expenditure,  being  duly  taken  into  account.  (See  also  No.  3  of 
Mr.  von  LOhr's  conclusions.) 

8.  —  The  administrative  authorities  should  be  empowered  to  cover  excesses  in  the  credits  for 
variable  expenses  by  means  of  the  receipts  for  the  corresponding  financial  period.  In  order  to 
realize  this  principle  in  the  State  systems,  whilst  respecting,  as  far  as  possible,  the  general  bud- 
getary legislation  of  the  State,  it  would  be  advisable  : 

a)  To  create  a  fund  called  the  compensating  fund,  charged  with  the  provision  of  means 
requisite  to  cover  excesses  in  the  credits  for  variable  expenses,  the  said  compensating  fund  having 
proportionate  allocations  made  to  it  as  soon  as  the  accounts  for  each  financial  year  are  closed,  or 

h)  To  carry  to  the  general  State  budget  only  the  balance  shown  in  the  railway  budget  scheme, 
attaching  to  the  said  general  State  budget  detailed  budgets  of  the  receipts  and  expenditure  of 
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the  system,  preserving  to  the  variable  portion  of  each  railway  budget  its  character  of  an  anti- 
cipatory provision,  as  distinct  from  a  financial  law.  {See  also  §§  28-31  of  Mr.  von  L6hr*s 
report.) 

9.  —  In  order  to  render  as  complete  as  possible  the  budget  of  each  financial  year,  the  period 
for  the  closing  of  the  administrative  accojunts  should  be  as  near  as  possible  to  that  of  drawing  up 
the  subsequent  budget. 

IV.  —  Audit  and  accounts, 

10.  —  In  order  to  simplify  the  methods  of  procedure  in  the  department  of  audit  and  accounts, 
it  would  be  advisable  not  only  to  centralize  them,  but  also  to  adapt  the  procedure  to  the  nature 
and  economic  importance  of  the  matters  dealt  with,  and  to  arrange  the  drawing  up  and  classifying 
of  documents  of  accounts  in  such  a  manner  that  in  the  process  of  examination  by  the  audit  and 
accounts  authorities  they  simply  pass  through  a  series  of  corrections  and  successive  totalizings, 
and  do  not  undergo  any  organic  transformation  or  become  the  subject  of  useless  repetitions. 
(See  also  No.  C  of  Mr.  von  Lohr's  conclusions.) 

11.  —  A  strict  line  of  demarcation  should  be  drawn  between  the  main  body  of  the  transactions 
and  petty  matters,  the  methods  of  procedure  as  regards  auditing  and  accounting  being  simplified 
in  the  case  of  transactions  of  trifling  importance  It  would  be  advisable,  further,  to  distinguish 
these,  taking  into  account  the  nature  of  the  operations  and  the  intrinsic  value  of  the  accounts. 
(See  also  No.  6  of  Mr  von  LOhr*s  conclusions.)  ^ 

'12  —  The  chief  object  of  railway  accounts  should  be  the  establishment  of  an  accurate  and 
complete  balance-sheet  of  the  undertaking^  embracing  at  the  same  time  the  results  of  the 
carrying-out  of  the  budget  of  revenue  and  expenditure,  based  upon  vouchers  and  verified  in  a 
manner  appropriate  to  their  nature  and  economic  importance.  With  a  view  to  the  attainment 
of  this  end,  the  accounts  of  the  administrative  and  executive  authorities  should  show  the  economic 
transactions  (independently  of  their  liquidation),  as  well  as  their  subsequent  liquidation.  It  is 
especially  desirable  that  the  charging  and  placing  to  account  of  revenue  arising  from  the  trans- 
port of  passengers,  luggage,  goods,  etc.,  should  be  made  upon  the  basis  of  their  dispatch  by  the 
forwarding  station  according  to  the  date  or  period  of  departure,  independently  of  the  period  of 
their  transport,  arrival,  or  delivery  to  the  addressee  by  the  receiving  station.  (See  also  §§  62 
and  63  of  Mr.  von  L6hr*s  report.) 

13.  —  Railway  accounts,  in  view  of  the  balance-sheet  of  the  undertaking,  should  be  made  up 
in  accordance  with  the  system  of  double  entry,  as  opposed  to  cash  accounts,  which  might  be  kept 
by  the  method  of  single  entry.  [See  also  §  25  of  Mr.  von  Lohr's  report.) 

14.  —  It  would  be  advisable  to  separate  as  far  as  possible  business  accounts  from  cash 
accounts,  and  to  close  the  former  once  a  month  only  (at  most),  whereas  cash  accounts  should 
be  closed  daily,  except  in  certain  special  and  reasonable  circumstances.  (See  also  §  70  of  Mr.  von 
LOhr's  report.) 

15.  —  An  antecedent  and  pi^eventive  audit,  exercised  by  an  institution  absolutely  independent 
of  the  administrative  authoritlfes,  should  only  take  place  at  the  time  of  the  preparation  of  the 
financial  budgets;  as  regards  an  antecedent  and  preventive  control  of  the  power  of  ordering 
payments,  this  under  the  like  conditions  would  have  no  practical  value,  since  the  administrative 
authorities  are  not  bound  to  follow  the  injunctions  of  the  audit  department.     An  antecedent  and 
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prohibitive  control  would  mean  nothing  less  than  an  organized  confusion  of  the  powers  of  the 
audit  authorities,  and  should  not  be  allowed  under  any  pretext. 

16.  —  Active  control,  representing  onlja  complementary  measure,  would  possess  no  practical 
value,  except  on  condition  of  its  being  dulj  combined  with  the  control  of  the  vouekers  and  of  the 
corresponding  accounts. 

17.  —  It  would  be  advisable  to  render  as  uniform  as  possible  the  classification  of  the  contents 
of  the  balance-sheet  of  the  undertaking  and  of  the  railway  budgets  of  the  different  countries, 
and,  if  it  could  be  arranged,  the  general  technical  and  statistical  data  attached  to  the  adminis- 
trative accounts  of  each  financial  year.  This  question  should  therefore  be  placed  again  upon 
the  programme  of  the  next  session  of  the  International  Railway  Congress.  {See  also  §  37  of 
Mr.  von  Lohr's  report) 

18.  —  Methods  of  simplifying  the  procedure  in  the  department  of  audit  and  accotmts  should 
be  studied  with  diligence  and  ardour,  and  this  question  likewise  placed  again  upon  the  pro 
gramme  at  the  next  session  of  the  Congress.  (See  also  No.  8  of  Mr.  von  LOhr's  conclusions.) 
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4'*'  SECTION.  —  GENERAL. 


[38K.581]  QUESTION  XV. 


DURATION  AND  REGULATION  OF  WORK 


Length  of  time  on  duty  and  working  regulations  for  railway  employees 

and  labourers. 


Reporters  : 

America,  -*  Mr.  G.  L.  Potter,  third  vice-president,  Baltimore  &  Ohio  Railroad. 

Switzerland.  —  Mr.  Placide  Weissenbach,  president  de  la  direction  generate  des  cherains 
de  fer  federaux  suisses. 

Other  countries.  —  Mr.  A.  Philippe,  inspecteur  general  des  lignes  Nord  beiges,  menibre 
de  la  Commission  permanente  du  Congres. 
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SECTIONAL   DISCUSSION 


-»♦• 


Meeting  held  on  May  8,  1906  (morning). 


Mr.  James  DOUGLAS,  vice-president,  in  the  chair. 

The  President.  —  Owing  to  the  temporary  absence  of  our  president,  Mr.  Heurteau, 
it  devolves  upon  me  to  open  this  meeting. 

Mr.  Weissenbach  who  acted  as  reporter  for  Switzerland  cannot  be  present  and 
so  I  call  upon  Mr.  Faure,  our  secretary-reporter,  to  be  kind  enough  to  give  us  a 
summary  of  his  report. 

Mr.  A.  Fanre,  secretary-reporter.  —  The  report  of  Mr.  Weissenbach  gives  the 
history  of  the  labor  regulations  applying  to  the  employees  of  the  Swiss  railroads 
from  the  federal  law  of  1872  to  the  law  of  December  19,  1902,  relative  to  transpor- 
tation.   This  law,  supplemented  by  regulations  and  special  orders,  fixes  : 

i»  The  duration  and  hours  of  work; 

2*  The  special  rules  to  be  applied  to  night  work,  which  is  figured  with  an 
overtime  allowance; 

3**  The  days  of  rest,  a  certain  number  of  which  must  fall  on  Sunday,  and  vaca- 
tions, the  duration  of  which  increases  with  the  age  of  the  employee  and  the  number 
of  years  of  service; 

4*»  The  suspension  of  the  freight  traffic  on  Sundays  and  holidays. 

Mr.  Weissenbach  deduced  from  his  report  general  rules,  which  he  believes  can  be 
established  legally,  but  he  stated,  at  the  same  time,  that  the  legal  regulations  should 
leave  enough  elasticity  to  allow  of  exceptions  which  the  many  requirements  of  the 
service  may  necessitate. 

The  following  are  the  conclusions  of  Mr.  Weissenbach's  report : 

1®  The  duration  of  the  day's  work  should  be  limited  to  a  number  of  hours  as  determined  by 
law.  In  order  to  determine  such  hours,  it  is  not  possible  to  adopt  an  uniform  basis  applying  to 
all  the  employees.  It  is  necessary  to  take  into  account,  not  only  the  different  functions  which 
different  classes  of  employees  have  to  exercise,  but  also  the  different  amount  of  work  employees 
of  the  same  class  have  to  do  according  to  the  locality  at  which  they  work  (stations  with  light 
traffic,  busy  sections,  etc.); 
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2**  The  employees  are  to  have  a  certain  number  of  oflf  days  during  the  year.  A  certain  number 
of  these  days  are  to  be  joined  together  into  an  unbroken  leave.  Older  employees,  who  have 
served  for  many  years,  are  to  have,  in  addition  to  the  fixed  number  of  separate  off  days,  an 
unbroken  leave,  the  length  of  which  increases  as  their  years  of  service  increase; 

3°  The  legal  enactments  must  be  sufficiently  elastic  to  make  it  possible  that  the  limits  fixed 
by  the  laws  are  slightly  exceeded  where  the  conditions  of  the  service  make  it  necessary; 

4*^  It  is  advisable  for  railway  mai^agements  to  grant  of  their  own  free  will  to  the  employees 
who  are  not  protected  by  the  law,  off*  days  (specially  Sundays  off*),  and  also  an  unbroken  leave, 
the  length  of  which  increases  as  their  age  and  their  years  of  service  increase; 

5°  It  does  not  seem  advisable  to  fix  the  same  limits  forall  the  managements  belonging  to  the 
International  Railway  Congress,  as  the  conditions  of  life  in  the  diff'erent  countries  vary  too  much. 

The  President.  —  The  conclusions  of  Mr.  Weissenbach's  report  are  of  the  greatest 
interest,  but  it  would  be  better  not  to  discuss  the  points  they  raise,  until  after  we 
have  heard  the  conclusions  of  all  three  reports. 

I  now  call  upon  Mr.  Pi^ron  to  give  us  a  summary  of  Mr.  Phillipe's  report  in  his 
absence. 

Mr.  Pieron,  French  Northern  Railway.  (In  French.)  —  Gentlemen,  I  shall  first 
read  you  the  conclusions  arrived  at  by  Mr.  Philippe,  who  is  prevented  by  temporary' 
indisposition  from  being  present  at  this  splendid  meeting. 

Mr.  Philippe  has  prepared  a  very  full  report  comprising  no  less  than  sixty- six 
replies  which  come  from  thirteen  different  countries. 

Legal  regulations  control  the  conditions  of  labor  of  certain  classes  of  employees 
in  Germany,  Austria,  France,  Italy,  Holland,  Russia,  India  and  Australia,  while  in 
England  the  law  merely  confers  the  control  upon  the  Board  of  Trade.  In  England, 
as  in  countries  having  no  such  laws  (as  Hungary,  Belgium,  Denmark,  Spain,  Luxem- 
burg, Roumania  and  Servia),  the  conditions  of  labor  are  very  much  the  same  as  in 
the  countries  which  have  legal  regulations.  Almost  all  the  legal  or  private  regu- 
lations separate  employees  in  to  two  well  defined  classes  : 

1**  Station  and  permanent  way  employees; 

2**  Train  crews,  which  again  are  subdivided  into  locomotive  crew  and  train  staff 
(conductors  and  brakemen).  Some  countries,  especially  Germany,  make  in  their 
regulations  a  distinction  between  employees  of  the  main  lines  and  employees  of 
light  railways  or  those  of  secondary  importance. 

All  legal  regulations  treat  of  periodical  rest,  but  leave  to  employers  a  free  hand  as 
to  leaves  of  absence  proper  or  vacations. 

Finally,  the  regulations  are,  in  a  general  way,  all  based  on  an  average  number  of 
consecutive  days.  Their  arrangements  vary  in  different  countries.  Mr.  Philippe 
reviews  them  and  points  out  the  necessity  of  examining  as  is  done  in  the  German 
instructions,  "  the  conditions  of  work  at  the  different  points  so  as  to  determine  the 
equitable  time  of  work  for  each  employee,  according  to  his  duties.  "  And  Mr.  Phi- 
lippe quotes  the  following  sentence  from  the  German  instructions  :  "  It  is  impossible 
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to  lay  down  any  definite  rules  on  account  of  the  numerous  varieties  of.  work  on 
railways.  " 

I  think  it  is  not  necessary  to  say  more  about  this  subject,  for  you  have  all  read  the 
report.  I  tried  to  summarize  it  more  completely,  but  when  I  found  that  my  paper, 
though  not  so  long  as  Mr.  Philippe's,  was  crowded  with  figures  and  would  only 
weary  you  if  I  read  it,  I  determined  that  it  would  be  enough  if  1  merely  read  you 
Mr.  Philippe's  own  conclusions  which  run  as  follows  : 

1®  In  the  case  of  the  locomotive  and  train  staff,  the  duration  of  the  period  of  work  and  of  rest 
must  not  be  fixed  bj  the  individual  day.  It  is  advisable  to  take  an  average  calculated  on  a  certain 
number  of  consecutive  days ; 

2*>  The  regulations  must  not  generalise  too  much,  must  not  lay  down  principles  which  are  too 
absolute,  for  there  are  very  many  special  cases  in  connection  with  railway  work. 

Thus,  for  instance,  rules  must  not  be  too  strict  to  make  it  possible  to  proportion  the  duration 
of  the  work  in  a  reasonable  way  to  the  importance  of  the  actual  work  which  has  to  be  done  during 
that  time.  In  this  connection,  we  may  draw  attention  to  the  tendency  (which  we  consider  illo- 
gical) shown  in  some  regulations,  in  which  the  intervals  of  inactivity,  in  between  the  work  of 
employees,  are  reckoned  as  actual  work.  Thus  in  the  case  of  the  train  staff,  the  intervening 
stops  between  two  successive  trains  are,  in  those  regulations,  counted  as  work  at  full  value, 
when  they  are  shorter  than  a  specified  amount ;  although  during  the  whole  or  part  of  such  stops, 
the  employees  are  actually  resting.  The  result  is  that  the  work  of  some  men  has  to  be  stopped 
after  a  period  which  actually  includes  altogether  but  a  small  amount  of  woik  and  when  more 
work  could  be  done  without  inconvenience.  This  obstacle  to  the  rational  utilization  of  the 
employees  is  evidently  the  greater,  the  higher  the  limit  below  which  such  rest  is  counted  as 
^work.  It  seems  to  us  that  logically  any  regulation  of  work  should  not  include  any  clauses  in 
virtue  of  which  periods,  however  short,  in  which  nothing  is  done,  are  counted  as  work. 

For  the  same  reasons,  the  duration  of  work  of  the  train  staff  can  be  longer  than  that  of  the 
drivers  and  firemen,  who  have  harder  work  to  do;  for  the  same  reason,  assistant  station  masters 
and  pointsmen  at  large  stations,  who  are  always  very  bu.«y,  and  similar  men  at  small  stations, 
who  have  many  moments  when  there  is  nothing  to  do,  should  not  be  placed  on  the  same  footing. 

It  is,  therefore,  advisable  that  the  managements,  subject  eventually  to  the  approval  of  the 
authorities,  should  have  discretion  to  determine  the  length  of  the  work  for  eai-h  typical  case, 
after  going  into  it  on  the  spot.  It  would  be  advisable  that  the  authorities  should  be  empowered 
as  recommended,  as  we  have  seen,  by  the  German  instructions,  '*  to  examine  the  conditions  of 
work  at  the  different  points,  so  as  to  determine  the  equitable  time  of  work  of  each  employee, 
according  to  his  functions.  " 

They  add,  that  it  is  **  impossible  to  lay  down  any  definite  rules,  on  account  of  the  numerous 
varieties  of  work  on  railways.  " 

We  have  been  unable  to  avoid  referring,  in  our  conclusions,  to  these  dicta  of  the  German 
managements;  they  have  struck  us  by  their  practical  good  sense;  they  s-how  the  absolute 
necessity  of  not  drawing  too  definite  limits  in  the  regulations.  What  gives  them  very  great 
value,  is  the  importance  of  the  authority  issuing  them ;  it  is  not  unseasonable  at  this  point  to 
remind  our  readers  that  the  German  States  work  their  railways  themselves.  They  have  realised 
that  though  it  is  necessary  to  avoid  overwork,  it  is  useless  and  even  harmful  to  go  too  far,  or  to 
QO  further  than  is  reasonable,  in  reducing  the  duration  of  the  daily  work  of  railway  employees. 
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In  the  first  place,  let  us  repeat,  it  is  in  equity  necessai^  that  the  duration  of  the  work  is  a  direct 
function  of  the  bodily  and  mental  efforts  required ;  otherwise  some  of  the  employees  will  be 
favoured,  as  compared  with  others.  On  the  other  hand,  it  is  not  advisable  that  railway 
employees,  who  as  a  rule  are  well  paid,  should,  as  compared  with  the  workmen  in  industrial 
enterprises,  be  in  a  position  also  privileged  from  the  point  of  view  of  the  importance  of  the  work 
required. 

Regulations  which  would  disregard  the  principles  we  have  laid  down  above  would  bs 
disastrous  for  railway  managements,  as  the  expenses  would  become  increased  very  materially. 

By  a  reflex  effect,  the  employees  and  the  public  would  suffer  acutely  from  such  useless  increase 
in  the  working  expenses.  It  will  in  all  probability,  in  the  case  of  the  employees,  put  a  definite 
stop  to  any  increase  of  pay,  as  on  the  day  on  which  it  is  enacted  that  working  hours  are  to  be 
reduced  and  consequently  the  number  of  the  men  considerably  increased,  it  will  become 
impossible  to  increase  the  pay  any  further. 

In  the  case  of  the  public,  it  would  stop  any  further  improvements  in  the  service,  it  would  stop 
the  building  of  any  new  lines,  of  new  stations,  the  running  of  new  trains ;  perhaps  even  fares 
would  have  to  be  raised. 

Any  governments  which  would  compel  railway  managements  to  adopt  ill-understood  regul- 
ations of  work,  would  uselessly  increase  expenditure,  and  would  thus  singularly  disregard  the 
interests  of  both  the  public  and  the  employees. 

The  President.  —  We  will  now  have  the  conclusions  of  Mr.  Potter's  report  read. 

Mr.  G.  L.  Potter,  reporter  for  America.  —  In  conclusion,  it  may  be  observed  that  the 
questions  discussed  in  my  report,  namely  hours  of  labor,  periods  of  rest,  legal  holidays  and 
vacations,  are  touched  upon  but  lightly  by  the  laws  of  the  various  sections  and  States  of  America, 
with  few  exceptions  the  railroads  being  affected  only  by  general  laws  regulating  the  number  of 
hours  constituting  a  day's  work,  child  labor,  employment  of  women,  legal  holidays,  restriction 
of  labor  on  Sundays,  etc.,  in  a  great  many  of  which  regulations  railroads  are  excepted,  or  they 
are  modified  to  such  an  extent  as  will  meet  the  requirements  of  railroads  and  affect  them  in  their 
operation  but  very  little. 

The  few  special  laws  that  arc  enacted  mostly  specify  the  number  of  hours  of  labor  after  which 
a  certain  period  of  rest  must  be  allowed,  of  which  the  following  is  a  summary  : 

1  State  provides  for 8  hours  rest  after  13  hours  work; 

1  —  —  - 

1  —  —  - 

3  —  —  - 

•        1  -  -  - 

1  —  —  - 

1  —  _  _ 

1  >.  —  _ 

2  —  —  - 

These  laws  in  most  cases  conform  with  the  practice  established  on  railroads. 

From  this  it  can  be  concluded  that  the  railroads  practically  establish  their  own  regulations 
with  regard  to  these  questions,  conforming  to  general  laws  regulating  labor  in  all  industries. 

It  has  already  been  stated  that  50  p.  c.  of  the  companies  replying  have  so  called  agreements 
with  organizations  of  various  classes  of  employees. 


10 

— 

— 

— 

13 

8 

— 

— 

— 

15 

8 

— 

— 

— 

16 

9 

— 

— 

— 

16 

10 

— 

— 

— 

16 

8 

— . 

— 

— 

18 

8 

— 

— 

— 

20 

8 

— 

— 

— 

24 

Digitized  by 


Google 


—  1861  — 

In  these  agreements^  which  are  primarily  schedules  of  wages,  conditions  of  service  are 
enumerated  in  more  or  less  minute  detail ;  thej  are  generally  signed  by  the  general  manager  of 
the  railway  company  and  by  representatives  of  the  employees,  at  other  times  by  general  oflScers 
of  their  unions,  and  sometimes  by  the  railway  officers  only. 

Some  railways  having  no  agreements  issue  printed  bulletins  covering  these  questions,  signed 
by  an  operating  officer  of  the  railway,  and  others,  while  there  are  no  published  regulations,  are 
governed  by  customs  which  have  been  crystallized  by  conferences  and  precedents,  and  though 
unwritten  are  about  as  firmly  established  as  the  printed  and  signed  agreements. 

The  above  named  agreements  and  tacit  understandings  primarily  define  rates  of  pay,  pay  for 
overtime,  periods  of  rest  for  meals,  and  usually  specify  the  number  of  hours  of  rest  allowed  after 
a  certain  number  of  hours  work. 

In  some  instances  when  men  are  under  monthly  pay,  and  their  work  is  continuous  and 
unusually  arduous,  one  or  two  days  a  month  vacation  is  allowed,  and  in  other  cases,  one  or  two 
weeks  a  year.  These  cases,  however,  are  rare,  and  the  matter  is  usually  equalized  by  a  corres- 
ponding adjustment  of  pay,  the  general  principle  governing  the  rate  of  pay  being  that  an 
employee  is  paid  for  the  actual  work  done. 

The  President.  —  Gentlemen,  I  think  these  three  reports  ought  to  open  the  subject 
to  a  very  interesting  discussion.  It  would  seem  that  in  the  Swiss  regulations,  we  have 
over-regulation;  that  in  the  case  of  the  European  States  generally,  there  seems  to  be 
a  certain  amount  of  latitude  and  the  railroad  companies  do  not  seem,  as  a  rule,  to 
be  restricted  by  an  excessive  amount  of  regulation.  In  this  country,  there  is  sub- 
stantially no  State  regulation ;  that  is  to  say,  as  given  in  this  short  resume  here,  some 
few  states  of  the  Union  prescribe  hours  of  work  and  hours  of  rest,  but  as  a  general 
rule,  it  is  left  to  the  companies  to  prescribe  the  rules  for  their  own  employees, 
although  in  fact  the  prescription  is  generally  limited  by  the  power  of  labor  unions 
who  are,  in  the  case  of  the  railroad  employees,  not  only  very  powerful,  but  include 
almost  all  employees  within  their  membership.  Therefore,  while  the  State  itself 
interferes  to  a  very  slight  extent  in  prescribing  the  hours  of  labor  and  the  hours  of 
rest  —  as  I  think  our  American  delegates  when  the  discussion  opens,  will  show  — 
the  regulation  is  really  in  great  measure  determined  by  conference  between  the 
railroad  officials  and  the  heads  of  the  railroad  employees  organizations;  or,  if  it  is 
not  done  by  direct  conference,  it  is  so  done  as  to  be  in  accord  with  the  views  of  the 
heads  of  the  railroad  organizations. 

Mr.  Hugh  McLaohlan,  New  South  Wales  Government  Railways.  —  There  is  one 
matter  on  which  I  desire  to  lay  some  stress,  and  it  has  some  bearing  on  the  tenor  of 
your  remarks;  that  is  it  is  somewhat  in  opposition  to  the  conclusions  arrived  at  by 
the  reporters.  I  think  there  is  an  exaggerated  idea  as  to  the  interference  with  the 
railways  in  Australia  by  the  local  Parliament.  As  in  Germany  and  Switzerland,  our 
railroads  are  State  railroads,  and  so  it  might  be  imagined  that,  being  government 
concerns,  we  have  a  good  deal  of  interference  with  regard  to  our  regulations  —  our 
regulations,  for  instance,  as  to  the  duration  of  work  —  but  so  far  as  I  can  see,  we 
have  as  a  matter  of  fact  less  regulation  by  our  Parliament  than  is  the  case  in  many 
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other  countries,  than  is  the  case  even  in  An>erica,  because  we  have  practically  no 
direct  regulation  by  the  Parliament  as  to  the  detail  or  duration  of  work.  The  rail- 
roads are  handled  —  I  am  speaking  simply  of  my  own  State  —  by  a  commission. 
This  commission  is  not  political,  it  is  a  business  commission,  and  they  are  prac- 
tically left  to  make  their  own  regulations.  Of  course  it  is  recognized  that  being 
Slate  properties,  the  whole  public  have  a  direct  interest  and  a  direct  concern  in  the 
management  of  the  railroads,  and  I  think  that  is  a  safeguard  to  some  extent  against 
anything  oppressive;  or,  on  the  other  hand,  against  anything  which  would  unduly 
favour  the  employees.  The  public  recognize  that  they  have  to  pay  the  employees, 
and  the  conditions,  if  they  are  unusually  easy,  would  press  upon  the  public  in  this 
way,  and  the  public  would  have  to  pay  an  undue  amount  on  account  of  that  fact. 

Referring  to  the  conditions  in  Germany,  the  conclusions  as  we  have  heard  them, 
state  that  care  must  be  taken  to  see  that  the  conditions  prescribed  are  not  too  favour- 
able to  the  employees,  because  then  it  would  punish  the  general  public  —  that,  of 
course,  referring,  1  take  it,  to  workmen  engaged  in  other  than  running  the  trains. 
To  some  extent  we  provide  for  that  in  our  regulations,  which  are  not  Parliamentary 
regulations,  by  having  a  regulation  in  which  it  is  provided  that  the  ra'es  paid  in 
railway  government  work  shops  shall  be  the  average  rates  of  pay  that  prevail  in 
private  establishments ;  that  is  to  say,  that  our  rates  of  pay  shall  be  as  far  as  possible 
regulated  by  what  is  paid  outside. 

There  is  one  conclusion  which  1  should  like  to  see  amended,  if  it  is  proposed  to 
adopt  all  these  conclusions,  and  that  is  the  (me  in  which  it  is  stated  that  the  duration 
of  the  day's  work  should  be  limited  to  a  certain  number  of  hours  as  determined  by 
law.  I  think  it  is  the  first  conclusion.  1  think  if  this  conference  approved  or  made 
a  conclusion  to  that  effect,  that  hours  of  work,  the  duration  of  work,  should  be 
provided  by  law,  that  is  the  law  of  the  country,  it  would  become  somewhat 
mischievous.  Sometimes  we  do  have  delegates,  parliamentarians,  who  wish  to  have 
everything  governed  by  law,  but  I  think  it  would  be  somewhat  mischievous  if 
parliaments  were  to  fix  the  laws  governing  the  employment  of  employees.  The 
reason  I  call  attention  to  this  is,  in  the  fact  that  the  conclusion  adopted  by  the 
Congress  will  naturally  carry  a  considerable  amount  of  weight;  if  this  Congress 
adopt  a  resolution  to  the  effect  that  duration  of  labjr  is  to  be  limited  by  law,  and 
that  that  is  a  decision  of  the  Congress,  that  would  have  some  w^eight  if  the  question 
was  being  discussed,  perhaps,  in  distant  parliaments. 

We  have,  as  I  have  said,  —  although  we  are  a  State  governed  concern  —  found 
that  we  can  manage  the  railroads  quite  equitably  and  quite  satisfactorily  without 
parliamentary  interference,  and  I  think  it  is  far  belter  to  allow  each  railroad  as  far 
as  possible  to  work  out  its  own  salvation 

We  have,  for  instance,  a  regulation,  which  prevails  apparently,  in  many  American 
Slates,  that  the  duration  of  work  shall  be  so  many  hours,  and  that  work  shall  iK)l  be 
resumed  again  without  a  sufficient  interval  after  the  stopping  of  work;  we  provide 
in  our  own  regulations  that  practically  the  same  thing  shall  be  followed;  that  is  to 
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say,  that  no  man  after  a  certain  period  of  work  shall  resume  duty  without  having 
had  an  interval  of  rest  of  eight  hours,  and  in  Australia  I  think  we  have  been  parti- 
cularly liberal  in  this  respect.  There  was  a  resolution  adopted  by  our  Parliament, 
expressing  the  opinion  of  the  Parliament,  that  eight  hours  should  be  quite  sufficient 
as  the  number  of  hours  of  a  day's  work.  In  America  you  fix,  perhaps,  ten  hours; 
in  Germany  I  think  they  f\\  ten  hours  as  a  day's  work ;  and  in  many  places  ten  hours 
is  considered  to  be  a  fair  day's  work.  A  resolution  of  Parliament  (that  is  the  only 
one  which  has  been  passed  dealing  with  the  number  of  hours  of  work  which  should 
constitute  a  fair  day's  work)  was  passed  that  it  was  the  opinion  of  Parliament  that 
eight  hours  was  a  sufficient  day's  work  for  the  running  men.  In  some  respects, 
however,  the  commission  is  outside  Parliament  in  our  country.  They  felt  it  to  be 
desirable,  however,  to  adopt  that  resolution,  and  so  our  men  are  engaged  for  only 
eight  hours  continuous  work  a  day. 

Conditions  generally  are  very  liberal  in  Australia,  and  as  I  have  said,  we  are  to 
some  extent  inlluenced  by  public  opinion.  Public  opinion  looks  upon  eight  hours 
a  day  as  a  liberal  provision. 

We  do  not  have^  great  deal  of  Sunday  running,  and  as  far  as  possible  we  make 
regulations  providing  that  the  men  shall  work  six  days  a  week,  that  is  to  say,  each 
man  shall  get  at  least  one  day's  rest  a  week,  one  day  off.  We  do  not  say  it  is  Sunday 
rest,  but  for  social  and  physical  reasons  we  think  one  day  in  seven  is  a  fair  thing  to 
allow  men  who  are  continuously  employed,  and  generally  where  work  is  continuous, 
we  fix  eight  hours  as  the  legal  day's  work. 

Our  railways  are  State  railways  and  to  a  large  extent  we  follow  the  lines  laid  down 
and  mentioned  as  existing  in  Germany  on  their  State  lines ;  but  one  conclusion  has 
been  suggested  which  i  would  like  to  see  amended,  and  that  is  not  to  fix  a  law  as  to 
hours  of  work,  not  to  make  a  parliamentary  law  on  the  subject.  It  is  far  better,  I 
think,  for  such  a  matter  to  be  left  to  the  good  sense  of  the  people  and  to  let  it  be  a 
matter  of  agreement  between  the  men  and  the  administration.  We  have,  as  in  this 
country,  very  strong  labor  unions,  and  the  Commission  takes  care  that  conditions 
shall  be  favourable  to  the  administration.  On  the  other  hand,  they  take  care  to  see 
that  the  demands  they  make  are  not  extravagant  and  will  not  penalize  the  company 
by  extravagant  expenditure. 

M'  C.  W.  Appleyard,  Central  South  Africa  Government  Railways.  —  I  cordially 
endorse  everything  Mr.  McLachlan  has  said  as  to  the  possible  inconvenience  it  might 
cause  to  distant  governments  if  we  passed  any  resolution  in  this  Congress  to  the 
effect  that  a  day's  work  shall  be  limited  to  a  certain  number  of  hours  to  be  deter- 
mined by  law. 

Mr.  C.  A.  Lambert,  North  Eastern  Railway,  Great  Britain.  —  I  think.  Sir,  that  the 
greatest  difficulty  in  the  way  of  regulation  of  hours  arises  in  dealing  with  the  train 
staff,  it  is  comparatively  easy  to  deal  with  the  staff  at  fixed  points,  and  the  subject 
to  which  i  would  like  to  call  some  attention  is  the  method  of  payment  of  trainmen, 
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by  which  they  may  possibly  be  induced  to  go  over  the  railroad  so  as  to  keep  their 
own  hours  within  reasonable  limits;  or  sometimes  a  method  may  exist  which 
induces  men  to  make  time,  thereby  making  money.  I  think  it  will  probably  be 
agreed  that  the  aspiration  of  working  men  is  to  make  money,  and  in  England  differ- 
ent systems  exist  which  induce  men  to  make  money  by  reducing  their  time  in  going 
over  the  jroad  —  otherwise  a  trip  system.  On  some  other  lines,  a  system  exists  by 
which  the  more  time  men  make  the  more  money  they  get.  That  is  a  very  objection- 
able system  from  the  railroad  company's  point  of  view,  and  I  should  be  very  glad 
to  hear  from  the  representatives  of  other  railways  if  any  system  such  as  the  trip 
system,  or  a  bonus  system,  is  in  force. 

The  President.  —  I  would  ask  Mr.  Potter  to  describe  the  methods  in  vogue  on 
some  of  our  western  railroads,  where  pay  of  the  railroad  men  is  regulated  by  the 
number  of  miles  run,  especially  on  freight  trains. 

Mr.  G.  L.  Potter,  reporter,  —  On  some  of  the  railroads  of  this  country  the  train- 
men are  paid  by  the  mile.  On  many  of  the  roads,  however,  they  are  paid  by  the 
trip.  The  rate  per  trip  is  made  up  usually  on  the  basis  of  a  rate4)er  mile.  But  on 
other  roads  there  are  trip  rates  which  were  fixed  before  the  rates  per  mile  became  so 
generally  used,  and  those  are  still  in  effect  and  do  not  bear  any  definite  relations  to 
the  rates  per  mile. 

Mr.  C.  W.  Appleyard.  —  It  may  be  of  some  interest  to  Mr.  Lambert  to  learn  our 
experience  in  South  Africa.  Originally,  when  the  railroads  of  the  Transvaal  were 
first  started,  we  had  a  system  of  paying  the  running  staff  by  time,  and  we  found  that 
that  led  to  bad  running,  at  least  there  was  not  inducement  for  a  man  to  make  up 
time.  After  an  experience  of  some  months  on  that,  we  adopted  on  some  of  the  sec- 
tions of  the  railroad  a  mileage  system ;  we  paid  the  men  according  tp  the  mileage 
they  ran.  Apparently,  the  mileage  rates  adopted  were  not  very  carefully  calculated, 
and  the  amount  of  money  earned  by  the  men  gave  rise  to  a  certain  amount  of  dissa- 
tisfaction among  certain  other  employees.  Subsequently,  we  had  meetings  between 
the  running  staff  and  the  administration,  and  after  much  persuasion,  the  running 
staff  agreed  to  adopt  the  trip  system.  Under  that  system,  a  man  is  paid  only  his 
actual  schedule  time  for  his  trip.  We  pay  our  first  class  drivers  half  a  crown  an 
hour,  and  we  pay  them  for  schedule  time  only.  On  a  short  trip,  where  a  man  has 
to  stand  by  his  engine  for  three  or  four  hours  waiting  for  a  return  trip,  the  delay  is 
paid  for  at  a  lower  rate.  Up  to  the  time  I  had  left  South  Africa,  this  trip  system  had 
worked  very  well  indeed. 

Mr.  C.  P.  Mossop,  North  Eastern  Kailway,  Great  Britain.  —  Mr.  President,  1 
should  like  to  ask  Mr.  Potter  whether  the  very  big  trains  which  have  been  hauled 
in  America  in  recent  years,  have  not  created  a  difficulty  in  the  working  of  the  trip 
system,  or  rate  of  pay  per  mile;  that  is  to  say,  whether  the  men  taking  charge*  of 
bigger  loads  which  are  going  over  the  roads,  and  the  time  of  the  trains  consequently 
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being  increased  does  not  result  in  their  demanding  an  increased  rate  per  mile  or 
an  increased  rate  per  trip ;  and  if  so,  whether  the  American  railways  have  been  able 
to  withstand  that  demand  on  the  part  of  the  men. 

Mr.  0.  L.  Potter.  —  We  have  constantly  had  demands  for  increase  of  wages. 
When  1  say  constantly,  I  mean  every  year  or  two  the  committees  of  the  trainmen,  the 
locomotive  engineers  and  firemen,  make  demands  and  they  have  been  very  per- 
sistent, basing  them  in  recent  years  largely  on  the  increased  service  required  to 
handle  the  larger  locomotives  and  larger  trains.  We,  of  course,  recognize  that  the 
labor  of  the  firemen  is  increased  under  these  changed  conditions,  but  do  not  concede 
that  the  labor  of  the  enginemen  is  materially  increased.  But,  even  taking  this  posi- 
tion, we  have  not  been  able  to  resist  entirely  the  demands. 

The  President.  —  Mr.  Pieron,  have  you  any  further  remarks  ? 

Mr.  Pieron.  (In  French.)  —  I  have  been  listening  very  attentively  to  the  remarks 
recently  made  on  the  subject  of  regulating  the  hours  of  labor  of  railway  workmen 
and  employees.  I  think  we  can  easily  come  to  an  agreement,  for  if  i  have  rightly 
interpreted  the  tendency  of  what  has  been  said,  the  observations  are  all  founded  on 
the  idea  that  regulation  ought  to  be  carried  out  by  the  railway  companies  themselves, 
due  consideration  being  paid  to  the  diverse  and  variable  circumstances  of  railways 
and  that  more  particularly  legal  intervention,  even  in  the  countries  where  govern- 
mental interference  is  most  marked,  is  thought  to  be  undesirable.  I  myself  read 
somewhere,  perhaps  it  was  in  Mr.  Weissenbach's  report,  that  the  law  is  so  strict  that 
if  an  employee's  time  of  duty  is  exceeded,  the  railway  company  is  liable  to  be  fined 
even  if  the  hours  of  labor  are  exceeded  owing  to  an  accident  or  force  majeure. 
I  am  in  the  presence  of  my  professional  colleagues  and  we  all  know  that  where  rail- 
ways are  concerned,  force  majeure  may  step  in  irresistibly.  It  is,  therefore,  quite 
unreasonable  for  penalties  to  be  exacted  from  anyone  who  could  do  nothing  to 
prevent  breaking  the  law. 

The  inconvenience  of  regulating  the  hours  of  labor  by  law  may  be  shown  by  an 
instance.  Suppose  work  is  limited  to  ten  hours,  railway  companies  will  be  obliged, 
in  order  to  avoid  being  convicted,  to  cut  down  these  hours  considerably  in  practice, 
so  that  if  delay  occurs,  and  that  happens  sometimes  even  on  the  best  managed  rail- 
ways, an  employee  still  escapes  exceeding  the  limits  imposed. 

You  will  not  have  forgotten  the  very  important  declaration  made  by  Mr.  Philippe. 
In  case  you  have,  I  shall  take  the  liberty  of  reminding  you  of  it.  It  comes  from  the 
German  managements  who  state  that  "  it  is  impossible  to  lay  down  any  definite 
rules  on  account  of  the  numerous  varieties  of  work  on  railways.  " 

It  seems  then  that  the  conclusion  arising  from  the  discussion  to  which  you  have 
listened  is,  on  the  one  hand,  that  railway  companies  should  not  to  be  tied  and  bound 
by  legal  enactments  and,  on  the  other  hand,  that  regulations  ought  to  kept  elastic 
enough  so  that  they  can  be  adapted  to  all  the  many  different  cases  which  may  arise. 
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It  was  wilh  these  circumstances  in  view,  that  I  have  taken  the  liberty  of  drawing 
up  a  scheme  of  conclusions  which  1  propose  to  hand  over  to  our  oflicers  to  be  used 
by  them  if  they  think  fit. 

"•  The  Congress  considering  : 

"  That  it  is  impossible  to  establish  uniform  rules  which  are  applicable  to  different 
special  cases,  because  of  the  many  peculiarities  of  railroad  service; 

"  That  the  rules  to  be  applied  should  vary,  not  only  with  the  various  classes  of 
employees,  but  also  for  each  class  with  the  greater  or  less  exacting  character  of 
work  done,  which  renders  it  necessary  to  give  them  sufficient  elasticity  to  make 
them  adaptable  to  all  possible  cases; 

"  That,  in  these  circumstances,  it  is  impossible  to  reconcile  the  rigidity  of  the  law 
with  the  elasticity  necessitated  by  the  various  arrangements  required  to  meet  the 
needs  of  the  public,  the  employees  and  the  managements; 

"  It  is  held  that  it  is  desirable  that  the  employer  should  have  the  greatest 
latitude  to  fix,  under  the  control  of  competent  authorities,  the  regulations  of 
work  :  1°  to  fully  take  into  account  the  importance  of  the  work  to  be  done,  the 
C()nlinuity  and  intensity  of  the  labor  required  from  the  employees  of  any  class; 
2^  to  compute  the  number  of  hours  according  to  an  average,  established  through  a 
sutliciently  long  period,  which  has  been  divided  into  periods  of  work,  separated  by 
suitable  rest ;  3**  to  proportion  the  average  duration  of  work  to  the  nature  of  the 
labor  and  to  the  degree  of  responsibility  required.  " 

The  President.  —  Are  there  any  remarks  on  these  conclusions?  We  can  hardly 
accept  the  conclusions  without  discussion. 

I  do  not  think  that  these  conclusions  specify  very  clearly  as  to  who  are  to  be  the 
arbiters  in  the  matter.  The  Government  does  not  lay  down  any  rules  or  make  any 
laws  as  to  who  are  really  to  be  the  factors  in  so  arriving  at  a  satisfactory  conclusion. 

Mr.  Hugh  McLachlan.  —  I  think  those  conclusions  as  read  take  away  the  objection 
which  1  spoke  of  some  time  ago. 

The  President.  —  Yes,  1  think  so,  in  regard  to  the  rigid  regulation. 

Mr.  Hugh  McLachlan.  —  Yes  Sir. 

The  President.  —  In  actual  practice,  of  course,  there  must  be  two  parties  to  every 
satisfactory  conclusion  —  employer  and  employee.  The  employers,  of  course,  have 
their  regular  agents  through  whom  the  negotiations  take  place.  The  employees,  on 
the  other  hand,  can  either  appear  as  individuals  or  as  bodies  of  employees  of  the 
same  road;  or,  in  the  third  case,  as  represented  by  their  unions;  and  here  comes 
in  one  of  the  serious  difficulties  of  the  case.  In  actuality,  I  do  not  think  there  is 
a  railroad  that  would  not  prefer  -simply  to  treat  with  committees  of  its  own 
employees,  disregarding  altogether  the  general  officers  of  the  union.  In  practice, 
however,  in  this  country  the  unions  have  considerable  power,  and,  certainly  that  is 
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ihe  case  in  England.    Now  whether  they  appear  by  their  union  representatives,  or 
whether  they  appear  in  person  or  through  committees  of  employees,  they  are 
undoubtedly  the  power  behind  the  throne  in  negotiations  with  employers  in  regard 
to  all  these  delicate  questions  affecting  hours  of  labor. 
Is  not  that  the  case,  Mr.  Potter? 

Mr.  0.  L.  Pottwr,  reporter.  —  You  state  it  correctly,  Mr.  President. 

Mr.  Pieron.  (In  French.)  —  I  do  not  think  any  of  the  interesting  remarks  you  have 
kindly  made  militate  against  the  conclusions  proposed.  In  the  first  place,  the 
pDsition  of  the  unions  is  not  everywhere  the  same  in  all  the  countries  concerned; 
secondly,  if  you  will  kindly  reconsider  my  conclusions,  the  precise  terms  of  which 
1  do  not  remember,  you  will  find  that  the  interests  of  the  public,  the  men  and  the 
companies  are  regarded.  These  are  really  the  three  parties  concerned  in  the 
matter.  You  have  mentioned  two,  the  companies  and  the  employers;  there  is  a 
third  which  is  likewise  deeply  interested,  namely  the  public.  And  you  will 
probably  agree  with  me  in  thinking  that  the  public  should  be  considered  as  one  of 
the  three  contracting  parties. 

Under  these  circumstances  I  think  the  conclusions  I  have  laid  before  you  will 
meet  with  no  obstacle  or  objection  on  your  part. 

The  President.  —  Are  there  any  other  gentlemen  who  have  remarks  to  make 
before  these  conclusions  are  laid  before  the  section  for  adoption  or  rejection? 
Shall  these  conclusions  be  accepted  by  this  section? 

—  The  conclusions  were  unanimously  adopted. 

—  The  meeting  then  adjourned. 
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DISCUSSION  AT  THE  GENERAL  MEETING 
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Meeting  held  on   May   11,   1905  (afternoon). 

Mr.  Stuyvksant  FISH,  phesident,  in  the  chaik. 

General  secretary  :  Mr.  L.  WEISSENBRUCH. 

Associate  general  secretary  :  Mr.  W.  F.  ALLEN. 

The  Freflident  read  the 

Report  of  the  4***  section. 

(See  the  Daily  Journal  of  the  session,  No.  5,  p.  90.) 

^  The  report  of  Mr.  Weissenbach  gives  the  history  of  the  labor  regulations 
applying  to  the  employees  of  the  Swiss  railroads  from  the  federal  law  of  1872  to 
the  law  of  December  19,  1902,  relative  to  transportation.  This  law,  supplemented 
by  regulations  and  special  orders,  fixes  : 

"  1*»  The  duration  and  hours  of  work  ; 

"  2*»  The  special  rules  to  be  applied  to  night  work,  which  is  figured  with  an 
overtime  allowance; 

"  3*»  The  days  of  rest,  a  certain  number  of  which  must  fall  on  Sunday,  and 
vacations,  the  duration  of  which  in^creases  with  the  age  of  the  employee  and  the 
number  of  yeai^  of  service; 

"  4**  The  suspension  of  the  freight  traffic  on  Sundays  and  holidays. 

"  Mr.  Weissenbach  deduced  from  his  report  general  rules,  which  he  believes  can 
be  established  legally,  but  he  stated,  at  the  same  time,  that  the  legal  regulations 
should  leave  enough  elasticity  to  allow  of  exceptions  which  the  many  requirements 
of  the  service  may  necessitate. 

"  Mr.  Philippe's  report,  presented  to  the  section  by  Mr.  PifiaoN  (French  Northern 
Railway),  contained  many  regulations  in  force  in  all  countries  except  America  .ind 
Switzerland. 
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^  Legal  regulations  control  the  conditions  of  labor  of  certain  classes  of  employees 
in  Germany,  Austria,  France,  Italy,  Holland,  Russia,  India  and  Australia,  while  in 
-England  the  law  merely  confers  the  control  upon  the  Board  of  Trade.  In  England, 
as  in  countries  having  no  such  laws  (as  Hungary,  Belgium,  Denmark,  Spain, 
Luxemburg,  Roumania  and  Servia),  the  conditions  of  labor  are  very  much  the 
-same  as  in  the  countries  which  have  legal  regulations.  Almost  all  the  legal  or 
private  regulations  separate  employees  in  to  two  well  defined  classes  : 

^  i^  Station  and  permanent  way  employees; 

^  2^  Train  crews,  which  again  are  subdivided  into  locomotive  crew  and  train  staff 
(conductors  and  brakemen).  Some  countries,  especially  Germany,  make  in  their 
regulations  a  distinction  between  employees  of  the  main  lines  and  employees  of  light 
•railways  or  those  of  secondary  importance. 

^  All  legal  regulations  treat  of  periodical  rest,  but  leave  to  employers  a  free  hand 
as  to  leaves  of  absence  proper  or  vacations. 

*•  Finally,  the  regulations  are,  in  a  general  way,  all  based  on  an  average  number  of 
•consecutive  days.  Their  arrangements  vary  in  different  countries.  Mr.  Philippe 
reviews  them  and  points  out  lhe*|necessity  of  examining  as  is  done  in  the  German 
instructions,  ^  the  conditions  of  work  at  the  different  points  so  as  to  determine  the 
•equitable  time  of  work  for  each  employee,  according  to  his  duties.  "  And  Mr.  Phi- 
lippe quotes  the  following  sentence  from  the  German  instructions  :  "^  It  is  impossible 
to  lay  down  any  definite  rules  on  account  of  the  numerous  varieties  of  work  on 
railways.  " 

"  From  Mr.  G.  L.  Potter's  report,  for  America,  it  appears  that,  with  some  excep- 
•tions,  railroads  are  not  regulated  except  by  general  laws  regulating  the  work  in  all 
industries  as  to  the  number  of  hours  constituting  a  working  day,  the  work  of  women 
and  children,  legal  holidays  and  restriction  of  labor  on  Sundays.  Only  a  few  States 
have  special  laws  restricting  the  number  of  working  hours  and  regulating  the  rest 
to  be  given  to  railroad  employees. 

**  Mr.  Weissenbach's  report,  which  contains  the  regulations  made  entirely  by  the 
government,  called  forth  some  observations  by  Mr.  Hugh  McLachlan  {New  South 
Wales  Government  Railways),  Mr.  C.  W.  Appleyard  (Central  South  Africa  Govern- 
ment Railways),  and  Mr.  Pi£;ron. 

"^  These  remarks  showed  the  advantage  of  leaving  the  regulations  to  the  initiative 
of  the  employers,  who  must  consider  the  various  requirements  of  the  service.  In 
•<X)untries  where  the  law  regulates  questions  of  this  nature,  it  should  at  least  permit 
very  great  elasticity,  so  as  to  allow  not  only  for  exceptions  in  urgent  cases  beyond  the 
control  of  the  employer,  but  also  such  exceptions  as  may  be  necessitated  at  any  time 
by  the  daily  incidents  of  railroad  operation. 

*^  On  a  question  put  by  Mr.  G.  A.  Lambert  (North  Eastern  Railway  of  England), 
Messrs.  G.  L.  Potter  and  C.  W.  Appleyard  furnished  information  as  to  the  method 
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of  paying  the  train  staff.  In  the  United  States,  the  train  staff  is  most  frequently  paid 
on  the  mileage  system.  Another  system,  the  trip  system,  consists  in  fixing  the 
wages  by  trip.  The  latter  is  less  employed  in  the  United  States,  but  has  been 
adopted  on  the  Central  South  African  railway  system. 

"  The  discussion  was  closed  after  this  exchange  df  ideas  and  the  following  res- 
olution submitted  to  the  section  by  Mr.  PifiaoN  was  unanimously  adopted.  " 

The  President.  —  The  following  are  the 

CONCLUSIONS. 

"  The  Congress  considering  : 

"  That  it  is  impossible  to  establish  uniform  rules  which  are  applicable  to  different 
**  special  cases  because  of  the  many  peculiarities  of  railroad  service; 

"  That  the  rules  to  be  applied  should  vary,  not  only  with  the  various  classes  of 
"  employees,  but  also  for  each  class  with  the  greater  or  less  exacting  character  of 
"  work  done,  which  renders  it  necessary  to  give  them  sufficient  elasticity  to  make 
„  them  adaptable  to  all  possible  cases ; 

"  That,  in  these  circumstances,  it  is  impossible  to  reconcile  the  rigidity  of  the 
"  law  with  the  elasticity  necessitated  by  the  various  arrangements  required  to  meet 
"  the  needs  of  the  public,  the  employees  and  the  managements; 

"  It  is  held  that  it  is  desirable  that  the  employer  should  have  the  greatest  latitude 
"  to  fix,  under  the  control  of  competent  authorities,  the  regulations  of  work  : 

"  i*>  To  fully  take  into  account  the  importance  of  the  work  to  be  done,  the  con- 
"  tinuily  and  intensity  of  the  labor  required  from  the  employees  of  any  class; 

**  2"  To  compute  the  number  of  hours  according  to  an  average,  established 
"  through  a  sufficiently  long  period,  which  has  been  divided  into  periods  of  work, 
"  separated  by  suitable  rest ; 

"  3^  To  proportion  the  average  duration  of  work  to  the  nature  of  the  labor  and 
"  to  the  degree  of  responsibility  required.  " 

—  These  conclusions  were  adopted  by  the  general  meeting. 
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1.  —  Handling  the  air  hrake  in  passenger  train  service  (^), 
By  C.  C.  FARMER, 

W'ESTINGHOUSB  AIR  DRAKK  COMPANY. 

{Hailicay  Gazette.) 

If  the  brake  on  any  car  or  engine  in  a  train  is  so  designed,  or  in  such  poor  condition,  that  it 
will  not  stop  the  car  or  engine  in  as  short  a  distance  as  will  the  brakes  on  the  balance  of  the 
train,  then  the  latter  must  do  part  of  the  work  of  stopping  this  car  or  engine.  This  necessitates 
heavier  brake  applications  to  stop  the  train  within  a  given  distance,  reduces  the  reserve  braking 
power  for  making  shorter  stops  than  at  first  intended,  increases  the  liability  of  sliding  wheels 
and  the  length  of  all  emergency  stops,  also  the  tilting  of  the  trucks  under  cars  with  the  good 
brakes  and  causes  unnecessary  strains  in  draft  gear,  all  of  which  make  the  work  of  the  engineer 
more  difficult. 

We  cannot  at  all  times,  even  by  the  most  approved  methods  of  operating  the  brake  valve  and 
maintenance  of  equipment,  prevent  a  considerable  variation  in  the  holding  power  of  the  brakes 
throughout  the  train ;  therefore,  the  type  and  condition  of  the  draft  gear  and  buffers  is  worthy  of 
our  most  careful  consideration  and  attention.  The  buffer  springs  should  be  of  sufficient  strength 
to  take  up  any  slack  there  may  be  in  the  couplers,  thereby  reducing  to  a  minimum  all  unneces- 
sary movements  between  the  cars,  and  at  the  same  time,  must  not  be  so  heavy  as  to  necessitate 
excessive  buffs  when  coupling  or  materially  reduce  the  slack  available  for  starting  a  long  train. 

The  best  form  of  draft  gear  is  one  which  has  a  limited  movement  under  comparatively  low 
drawbar  strains  to  care  for  ordinary  pulls  and  buffs.  It  should  also  have  a  gradually  increasing 
resistance,  a  maximum  capacity  sufficient  to  absorb  all  shocks  except  those  resulting  from 
collisions  at  a  considerable  speed,  and  an  absence  of  sufficient  power  in  the  recoil  following  a 
heavy  buffer  pull,  to  create  dangerous  and  disagreeable  shocks  and  strains  in  the  opposite  direc- 
tion. A  noticeable  improvement  is  now  being  observed  in  the  handling  of  trains  containing 
modern  Pullman  cars,  all  of  which  are  fitted  with  draft  gear  containing  the  features  enumer- 
ated. As  the  number  of  cars  so  equipped  is  increased,  the  result  will,  of  course,  be  correspon- 
dingly greater. 

To  insure  a  comparatively  uniform  distribution  of  the  brake  power  throughout  a  train,  we 
should  know  : 

1°  That  the  leverage  and  the  remainder  of  the  foundation  brakes  are  correctly  designed  and 
installed  to  deliver  the  proper  force  to  the  brake  shoes ; 
2®  That  the  brake  cylinders  are  free  from  leakage; 


(*)  A  paper  presented  to  the  convention  of  the  Travelling  Engineers'  Association. 
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3*^  That  the  piston  travel  is  correct  and  uniformly  adjusted; 

4^  That  the  strength  of  the  brake  rigging  including  brake  beams,  is  sufficient  and  the  lost 
motion  in  the  trucks  is  small  enough  to  prevent  an  excessive  difference  between  the  standing  and 
running  piston  travel; 

5^  That  the  total  leverage  is  low  enough  to  insure  ample  shoe  clearance  in  brake  release,  when 
the  piston  travel  is  maintained  at  the  proper  amount  by  an  automatic  slack  adjuster: 

6^  That  in  releasing,  the  reduction  of  the  cylinder  pressure,  therefore  of  holding  power,  is  as 
nearly  equal  at  the  front  and  at  the  rear  of  trains  as  it  is  possible  to  make  them ; 

7<*  That  the  triple  valves  and  engineer's  brake  valves  are  maintained  in  such  condition  as  will 
prevent  the  occurrence  of  undesired  quick  action. 

The  smoothest  and  safest  service  braking  from  speeds  of  25  miles  per  hour  and  ovei ,  is  obtained 
in  the  two-application  stop  made  by  applying  the  brakes  at  the  beginning  of  the  stop  with  the 
maximum  force  to  be  employed,  thereby  obtaining  the  greatest  braking  power  when  the  speed 
is  high  and  the  results  of  the  brake  application  least  liable  to  be  noticed  by  assengers  owing  to 
the  comparatively  low  rate  of  retardation  possible,  releasing  at  about  12  to  18  miles  per  hour  and 
finishing  with  a  moderate  application,  held  on,  on  long  trains,  until  stopped,  unless  the  locomotive 
braking  power  is  automatically  retained  in  the  final  release. 

The  first  brake  application  must  be  made  at  such  a  distance  from  the  station  as  would,  if  held, 
stop  the  train  short  of  the  desired  point.  This  is  to  permit  of  reducing  the  cylinder  pressure, 
and  therefore  braking  power,  when  the  speed  becomes  comparatively  slow,  in  order  to  prevent 
near  the  stop  an  excessive  rate  of  retardation,  resulting  from  high  cylinder  pressures  at  slow 
speeds ;  also  to  permit  the  trucks  to  partially  right  themselves  and  the  draft  rigging  to  assume 
its  normal  position. 

The  ideal  method  for  accomplishing  the  desired  reduction  of  cylinder  pressure  near  the  com- 
pletion of  a  stop,  isobtained  with  triple  valves  which  permit  the  engineer  to  discharge  [k  part  of 
the  air  from  each  of  the  brake  cylinders,  and  yet  retain  sufficient  to  complete  the  stop  without 
making  a  second  application,  the  results  of  which  are  more  or  less  uncertain.  Triple  valves 
which  accomplish  this  are  in  quite  general  use  on  electric  interurban  and  elevated  roads 
througho  utthe  country,  and  are  now  going  into  service  on  steam  roads.  Until  such  a  time, 
however,  as  they  come  into  more  general  use  on  steam  roads,  it  will  be  necessary  for  us  to 
reproduce  this  action  as  closely  as  possible  by  employing  the  two-application  method  of  braking. 
If  the  train  is  not  of  sufficient  length  to  cause  the  slack  to  run  out  hard  when  brakes  are  released 
at  very  slow  speeds,  and  the  track  grade  is  level  or  nearly  so  that  the  train  wiU  stand  without 
brakes,  the  brakes  should  be  started  to  release  just  before  the  stop  is  completed  in  order  to  reduce 
the  surge  to  the  minimum  or  wholly  eliminate  it. 

The  Westinghouse  Air  Brake  Company's  Schedule  ET  equipment,  which  they  are  now  fur- 
nishing almost  exclusively  for  locomotives,  isso  designed  that  the  engineer  has  absolute  control, 
with  the  automatic  brake  valve,  of  the  release  of  pressure  from  the  engine  and  tender  brake 
cylinders.  The  locomotive  brakes  are  automatically  retained  while  the  train  brakes  are  being 
released,  thereby  protecting  the  draft  rigging  against  heavy  jerks  which  follow  the  release  of 
brakes  on  long  trains  at  slow  speeds  with  the  ordinary  form  of  engine  brake  equipment  often 
resulting  in  rough  stops  and  frequently  in  trains  breaking  in  two.  With  the  ET  equipment,  the 
engine  and  tender  brakes  are  retained  when  the  automatic  brake  valve  handle  is  in  the  release 
and  holding  positions  (the  latter  is  a  new  position  between  running  and  lap),  and  are  released  in 
running  position  only,  unless  the  independent  brake  valve  is  used. 
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When  making  the  first  release  of  a  two-application  stop  with  this  equipment,  the  brake  valve 
handle  should  be  moved  to  release  position  as  usual,  but  as  soon  as  the  brake  pipe  pressure  has 
increased  sufficiently  to  start  all  brakes  to  releasing,  it  should  be  moved  to  running  position  and 
left  there  about  two  seconds,  before  lapping  the  valve  preparatory  to  beginning  the  second 
application,  in  order  to  reduce  the  locomotive  brake  cylinder  pressure.  When  making  the  final 
release  just  before  the  stop  is  completed,  the  locomotive  brake  cylinder  pressure  should  be 
retained ;  therefore,  the  release  of  train  brakes  may  be  started  a  little  earlier  than  witfi  other 
types  of  engine  equipment,  insuring  the  righting  of  trucks  before  the  stop  is  completed.  Final 
release  of  train  brakes  before  the  stop  will  be  found  practicable  with  trains  of  considerable 
length,  on  account  of  the  locomotive  brakes  being  held. 

The  straight-air  brake  installed  on  many  passenger  engines,  in  combination  with  the  auto- 
matic, may  also  be  used  to  advantage  in  preventing  the  slack  running  Qiixt  hard  when  a  release 
is  made  at  slow  speeds,  but  when  used  for  this  purpose,  should  be  applied  moderate  before  the 
train  brakes  are  released  and  handled  with  sufficient  care  to  prevent  shocks  to  the  train. 

When  a  brake  release  is  desii*ed  on  a  train  moving  at  comparatively  slow  speed  and  the 
cylinder  pressure  on  the  locomotive  is  not  sufficient  to  prevent  the  slack  running  out  hard,  the 
locomotive  brake  power  may  be  increased  with  the  ET  equipment  independent  brake  valve  before 
the  release  is  made,  its  handle  then  being  returned  to  the  automatic  brake  valve.  The  automatic 
brake  valve  handle  should  be  placed  in  release  position  the  usual  length  of  time,  namely,  imtil 
all  train  brakes  are  releasing,  then  moved  to  the  holding  position  and  left  there  until  the  brake 
force  on  the  train  has  reduced  sufficiently  to  permit  the  slack  to  adjust  itself,  after  which  by 
moving  the  valve  handle  quickly  to  running  and  back  to  holding  position  a  few  times  the  locomo- 
tive braking  power  will  be  gradually  reduced  to  any  desired  amount. 

When  stops  are  made  on  moderate  descending  grades,  sufficient  pressure  should  be  retained  in 
the  locomotive  brake  cylinders,  by  the  use  of  holding  position,  to  prevent  the  train  from  starting, 
as  this  position  keeps  all  brakes  charged.  However,  if  the  train  brakes  are  released  on  ascending 
grades,  the  locomotive  brakes  should  be  released  by  the  time  the  stop  is  completed,  so  as  to  pre- 
vent the  slack  from  running  back  harshly.  The  independent  or  straight-air  brakes  may  be 
applied  gradually  to  hold  the  train. 

When  stopping  on  moderate  descending  grades  with  the  ordinary  form  of  train  brake  equip- 
ment, and  the  combined  automatic  and  straight-air  or  the  ET  equiptnent  on  the  locomotive,  the 
second  application  should  be  held  until  the  stop  is  completed,  after  which  the  engine  and  tender 
brakes  may  be  applied  with  the  straight-air  or  independent  brake  valve  with  sufficient  force  to 
prevent  the  train  starting.  The  automatic  brakes  should  then  be  released  and  recharged. 
Heavy  applications  of  the  locomotive  brakes,  .with  either  the  independent  or  straight-air  brake 
valves,  should  always  be  made  gradually  to  gather  the  slack  if  the  train  is  in  motion,  otherwise 
rough  handling  will  result.  This  is  particularly  true  if  the  speed  is  low  when  the  application  is 
made. 

We  cannot  expect  the  uniformly  smooth  braking  for  water  and  coal  stops  that  is  possible  at 
stations  and  other  similar  stops,  owing  to  the  accuracy  required,  but  heavy  shocks  to  the  train 
can  and  should  be  avoided.  The  roughest  stops  made  at  coal  chutes  and  water  spouts  are  when 
the  brakes  are  released  at  slow  speeds,  just  before  the  stopping  point  is  reached,  causing  the  slack 
to  run  out  hard,  and  the  final  reduction  is  made  in  the  emergency  position.  One  of  the  worst 
features  of  this  kind  of  a  stop,  is  that  the  brakes  on  the  forward  end  of  the  train  apply  so  heavily 
that  the  engineer  does  not  feel  the  slack  run  is  hard,  due  to  the  rear  brakes  applying  moderately, 
and  therefore,  does  not  appreciate  the  seriousness  of  the  results  at  the  rear  of  the  train.     He 
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should  encourage  advice  from  the  conductor  concerning  rough  handling  and  the  conductor  should 
give  it  in  a.  gentlemanly  manner  without  awaiting  a  request. 

The  brakes  on  tlie  forward  end  of  a  long  train  will  start  to  release  in  practically  the  same 
length  of  time  with  either  a  low  or  high  excess  pressure,  but  those  at  the  rear  end  will  begin  to 
release  much  quicker  with  high  excess  pressure ;  therefore,  to  obtain  the  most  uniform  release  of 
brakes  <hroughout  a  long  train  and  reduce  the  shocks  to  a  minimum  when  releasing,  a  high 
excess  pressure  must  be  had  at  such  times.  Returning  the  brake  valve  handle  from  release 
position  to  running  position  before  all  brakes  have  commenced  to  release,  increasing  the  time 
required  for  the  air  to  flow  to  the  rear  end  of  the  train,  is  more  serious  in  its  efiect  on  the  release 
of  brakes  than  is  low  excess  pressure  and  is  frequently  the  cause  of  the  slack  running  out 
hard,  causing  heavy  jerks  and  break-in-twos,  and  of  brakes  sticking. 

Many  passenger  trains  have  been  broken  in  two  and  given  heavy  shocks  for  which  the  action 
of  the  brakes  or  the  manner  in  which  they  were  operated  were  held  responsible,  but  which 
were -actually  caused  by  opening  the  engine  throttle  before  the  brakes  at  the  rear  end  had  been 
given  time  to  release.  It  should  be  remembered  that  a  few  seconds  must  elapse  before  the  brakes 
can  begin  to  release  after  the  brake  valve  handle  is  placed  in  release  position  and  several  addi- 
tional seconds  are  required  for  all  brake  cylinder  pressure  to  entirely  discharge.  K  trains  are 
to  be  handled  smoothly  and  safely,  any  error  in  the  period  of  time  elapsing  between  placing  the 
brake  valve  handle  in  release  position  and  opening  the  throttle,  should  certainly  be  on  the  safe 
side ;  therefore,  we  should  instruct  the  engineers  to  allow  a  few  seconds  to  elapse  after  they 
think  the  brakes  are  released,  as  their  experience  and  judgment  shows  they  should  before 
opening  the  throttle. 


[  62^  .253  ] 

2.  —  Dia§rram8  of  K  triples. 

Figs.  I  to  7,  pp.  1873  to  1«77. 
{Railway  and  Locomotive  Engineering.) 

Mechanical  drawings  are  not  sufficiently  clear  to  everybody  so  that  they  are  always  clearly 
■understood.  Because  of  this  fact  and  of  the  increasing  interest  taken  in  the  K  triple  valve,  we 
publish  in  this  number  five  diagrammatic  drawings  which  illustrate  it  in  all  of  its  operative  posi- 
tions, and  we  also  publish  a  drawing,  figure  7,  showing  the  arrangement  of  ports  and  cavities  in 
the  slide  valves,  and  in  the  seat  as  actually  constructed. 

A  diagrammatic  drawing  is  one  in  which  all  parts  of  the  mechanism  represented  are  shown  on 
one  plane,  without  regard  for  their  relative  positions  as  they  really  are  in  the  mechanism  itself, 
and  these  drawings  shown  herewith  in  figures  2,  3,  4,  5,  6,  enable  the  reader  to  trace  easily  the 
course  of  the  air  through  the  various  ports  and  passages. 

As  stated  in  the  June  number,  the  general  exterior  appearance  of  the  K  triple  is  the  same  as 
that  of  all  other  Westinghoust;  quick  action  triples,  and  although  the  K  triple  is  perfectly  inter- 
changeable with  the  older  type,  without  alteration  in  the  piping,  it  is  illustrated  here  in  the  half 
tone  figure  1,  so  that  it  will  be  all  the  more  readily  recognized.  About  the  only  difference 
between  this  and  the  older  type  that  can  be  noted  when  it  is  bolted  to  its  reservoir  or  cylinder,  is 
the  symbol  K 1  or  K2,  as  the  case  may  be,  cast  on  the  side  of  the  body,  and  the  projection  cast  on 
the  top. 
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The  Kl  triple  goes  on  where  the  HI  (F36)  triple  is  used,  and  the  K2  where  the,  H2  (H49)  is 
required.  ^ 


Fig.  1.  —  Westinghouse  **  K  "  triple  valve. 

The  K  triple  valve  has  two  positions  for  release  of  the  brakes ;  one,  the  full  release,  shown  in 
figure  2,  and  the  other  retarded  or  we  might  term  it,  slow  release,  as  shown  in  figure  5. 

In  diagram  figure  2,  the  brake  pipe  is  represented  as  connecting  to  the  triple  at  the  point  BP, 
so  that  brake  pipe  air  can  flow  into  passage  and  chamber  a,  past  the  check  valve  into  chamber  Y, 
thence  upward  through  passage  y,  in  the  slide  valve  seat,  through  port  J,  in  the  slide  valve,  to 
chamber  R  and  the  auxiliary  reservoir.  It  can  also,  at  the  same  time,  flow  through  passages  e,  f 
and  g  into  chamber  A,  thence  through  feed  groove  i  into  chamber  R  and  the  auxiliary  reservoir, 
charging  up  the  latter  to  the  same  pressure  contained  in  the  brake  pipe. 

In  figure  2  all  parts  are  represented  as  being  in  their  normal  positions,  that  is,  with  the  triple 
valve,  the  emergency,  and  the  check  valves  in  position  to  charge  the  auxiliary,  and  to  release  the 
brake.  Port^'  is  incorporated  in  the  K2  triple,  used  on  10-in.  equipments,  but  not  in  the  Kl. 
The  Kl  triple  is  used  on  the  smaller  equipments,  hence  does  not  need  this  additional  feed  port. 

A  gradual  reduction  in  brake  pipe  pressure,  such  as  is  required  for  a  service  application^ 
causes  the  parts  to  assume  the  position  shown  in  figure  3,  service.position.  Here  it  will  be  seea 
that  ports  i  and  J  are  closed,  preventing  back  flow  of  auxiliary  air  into  the  brake  pipe;  that  the 
exhaust  port^  is  closed  so  as  to  prevent  escape  of  cylinder  air;  and  that  ports  Z,  in  the  slide 
valve,  and  r  in  the  seat,  are  in  register  so  that  air  from  the  auxiliary  may  flow  direct  to  the  brake 
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cylinder  at  C.  At  the  same  time  port  y  in  the  seat,  leading  from  chamber  Y  and  the  brake  pipe, 
and  port  o  in  the  slide  valve,  are  in  register,  and  cavity  c  in  the  graduating  valve  spans  ports  o 
and  q  so  that  brake  pipe  air  can  flow  down  through  port  t,  past  the  emergency  piston,  into 
chamber  X,  and  to  the  brake  cylinder  at  C.  The  emergency  piston  is  fitted  loosely  so  that  this 
can  be  easily  done,  without  undue  tendency  to  move  it. 


Fig.  2.  —  Full  release  and  charging  position.  Fig.  3.  —  Service  position. 


Fig.  4.  —  Service  lap  position.  Fig.  5.  —  Retarded  release  position. 

This  figure  very  clearly  shows  the  manner  in  which  brake  pipe  air  is  admitted  to  the  brake 
cylinder  in  service  applications,  and  hence  why  it  is  that  the  service  reduction  is  transmitted  so 
quickly  to  the  rear  of  a  long  train,  applying  all  brakes  evenly  and  with  a  uniform  pressure. 

The  service  lap  position  is  shown  in  figure  4.  The  valves  assume  this  position  when  the  auxi- 
liary pressure  reduces  to  the  same  amount  as  that  in  the  brake  pipe,  or  equalize  with  it,  the  same 
as  with  the  ordinary  triple. 
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Fig.  6.  —  Emergency  position. 
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Face  view. 
Gruduaiiug  valve. 
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Top  view. 
SJide  valve. 
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Slide  valve  bush. 
Fig.  7.  —  Arrangement  of  ports  and  cavities  in  *'  K  "  triple  valve. 
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In  figure  5,  the  parts  are  shown  in  what  is  known  as  the  retarded  release  position.  The  laiple 
piston  moves  to  the  right  far  enough,  when  the  main  reservoir  air  flows  rapidly  into  the  brake 
pipe,  to  close  feed  groove  i,  leaving  feed  port  y  open  to  the  auxiliary,  and  thus  checks  the  rechar- 
ging of  the  auxiliary  reservoir;  and  the  exhaust  cavity  n  in  the  slide  valve  is  also  moved  to  the 
right  far  enough  to  reduce  its  opening  considerably,  and  cause  a  slow  escape  of  air  from  the  brake 
cylinder,  thus  retarding  the  release  of  the  brake.  The  spring  on  the  slide  valve  end  of  the  triple 
is  compressed  whenever  brake  pipe  pressure  is  considerably  higher  than  auxiliary  pressure,  but 
as  soon  as  the  auxiliary  is  charged  up  nearly  even  with  the  brake  pipe,  this  spring  will  return  all 
parts  to  their  normal  position,  where  the  exhaust  port  m  and  the  feed  groove  i  will  be  wide  open, 
as  in  figure  2. 

When  brakes  are  released  by  moving  the  handle  of  the  brake  valve  to  release  position,  the 
main  reservoir  air  flows  rapidly  into  the  brake  pipe  raising  the  pressure  up  much  higher  in  the 
forward  end  than  in  the  rear  of  the  brake  pipe.  Hence,  the  forward  brakes  are  held  applied,  the 
rate  of  recharging  the  auxiliary  is  reduced  and  brake  pipe  air  can  flow  with  greater  force  toward 
the  rear,  and  materially  hasten  the  release  of  those  brakes. 

This  retarding  of  the  release  of  the  forward  brakes  is  what  prevents  the  slack  of  long  trains  from 
running  out,  and  the  consequent  breaking  in  two  of  the  train.  Closing  the  feed  port  £  brings 
about  a  more  uniform  recharging  of  the  auxiliaries  throughout  the  train.  Thus  it  will  be  seen 
that  the  K  triples  makes  the  release  of  all  brakes  on  a  long  train  much  quicker  and  more  certain 
and  uniform  than  is  the  case  with  the  present  quick  action  triples  on  trains  of  fifty  or  more  cars. 

In  emergency  applications  the  K  triple  operates  just  the  same  as  the  present  triple,  except  that 
a  train  fully  equipped,  or  partially  equipped,  with  them  will  get  the  rear  brakes  on  considerably 
quicker  than  with  the  present  triples  and  also  with  a  little  higher  pressure.  The  relative  positions 
of  the  parts  and  ports  in  emergency  is  shown  in  figure  6. 


[  621$  .i^^.l  ] 
3.  —  Maximum  leng^th  of  rails  on  the  lines  of  the  chief  French  railways. 

(From  the  Revue  g&n&rale  det  cheniins  de  fer  et  des  trcnnways,) 

French  Northern.  —  The  original  iron  rail  was  of  the  Vignoles  type,  and  6  metres  (19  ft. 

8  V-*  in.)  long.  The  steel  rail  replacing  it  now  weighs  45  kilograms  per  metre  (90*71  lb.  per 
yard).  The  standard  type  now  used  is  12  metres  (39  ft.  4  */t  in.)  long.  The  company  proposes 
to  increase  this  length;  some  trials  of  18  and  even  of  24  metre  (of  59  ft.  1  in.  and  even  of  78  ft. 

9  in.)  rails  have  been  made,  the  latter  being  reserved  for  steel  superstructures  and  for  certain 
track  appliances;  but  no  definite  conclusion  has  yet  been  arrived  at.  The  engineers  are  favour- 
ably inclined  towards  the  18  metre  (59  ft.  1  in.)  rail,  but  are  hostile  to  the  24  metre  (78  ft.  9  in.)  rail. 

French  Eastern.  —  The  short  rail  is  of  the  Vignoles  type,  and  is  6  metres  (19  ft.  8  ^U  in-) 
long.  It  weighs  44*6  kilograms  per  metre  (89-91  lb.  per  yard).  The  company  has  now  defini- 
tely adopted  the  18  metre  (59  ft.  1  in.)  rail  and  more  than  500  kilometres  (310  miles)  of  track 
are  laid  with  this  rail ;  some  24  metre  (78  ft.  9  in.)  rails  are  used,  but  only  on  metal  superstruc- 
tures or  in  tunnels  where  the  temperature  is  constant.  Special  precautions  are  taken  to  deter- 
mine the  temperature  of  the  metal  itself  at  the  moment  when  the  rail  is  laid  and  the  gap  at  the 
joint  is  adjusted  very  carefully.  The  engineers  do  not  think  that  the  question  of  adopting  a 
greater  length  than  18  metres  (59  ft.  1  in.)  need  be  considered. 
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Paris-Lyons-Mrditbrranban.  —  The  short  rail  is  of  the  Vignoles  type,  and  is  6  metres  (19  ft. 
8  *U  in,)  long.  It  weighs  47  kilograms  per  metre  (94-75  lb.  per  yard.)  The  company  has 
adopted  the  12  metre  (39  ft.  4  '/«  in.)  standard  which  is  in  use  of  all  its  main  lines.  As  an 
experiment,  360  kilometres  (224  miles)  of  track  have  been  laid  with  18  metre  (59  ft.  1  in.)  rails 
and  1  kilometre  (0*62  mile)  with  24  metre  (78  ft  9  in.)  rails.  The  engineers  consider  the  latter 
length  excessive.  It  is  possible  that  they  will  adopt  18  metres  (59  ft.  1  in.)  as  standard  if  results 
are  satisfactory,  particularly  as  regards  the  size  of  the  gap  and  premature  crushing  of  the  ends 
of  the  rails. 

Midi.  —  The  short  rail  is  of  the  double-headed  type,  and  is  5*5  metres  (18  ft.  V«  in*)  long. 
It  weighs  38  kilograms  per  metre  (76*60  lb.  per  yard).  In  1880,  the  standard  length  was 
increased  to  11  metres  (36  ft.  1  in.).  In  1903,  the  company  made  a  trial  of  22  metre  (72  ft. 
2  in.)  rails ;  a  section  17  kilometres  QO'5  miles)  long  was  laid  with  them.  This  trial  ^as  looked 
upon  as  satisfactory  and  22  metre  (72  ft.  2  in.)  rails  are  now  considered  the  standard ;  but 
owing  to  contracts  previously  made  rails  of  this  length  will  only  be  supplied  from  1907  onwards. 

Orleans.  —  The  short  rail  is  of  the  double-headed  type,  and  is  5*5  metres  (18  ft.  */j  in.)  long. 
It  weighs  42*5  kilograms  per  metre  (85*67  lb.  per  yard)  on  the  main  lines  and  38  kilograms  per 
metre  (76  60  lb.  per  yard)  elsewhere.     Some  twenty  years  ago  the  length  was  increased  to 

11  metres  (36  ft.  1  in.).  Several  years  ago  another  advance  was  made,  and  only  16*5  metre 
(54  ft.  2  in.)  rails  were  ordered.  On  January  1,  1906  there  were  900  kilometres  (560  miles)  of 
track  laid  with  165  metre  (54  ft.  2  in.)  rails.  The  company  does  not  intend  to  try  the 
22  metre  (72  ft.  2  in.)  length. 

French  Western.  —  The  short  rail  is  of  the  double-headed  type,  and  is  6  metres  (19  ft. 
8  V^  in.)  long.  It  weighs  46 '25  kilograms  per  metre  (93*23  lb.  per  yard)  on  the  main  lines  and 
38  75  kilograms  per  metre  (78*11  lb.  per  yard)  elsewhere.     Afler  increasing  the  length  to 

12  metres  (39  ft.  4  V«  in.),  the  company  has  now  definitely  adopted  that  of  18  metres  (59  ft.  1  in.). 
Some  experiments  were  made  with  22  metre  (72  ft.  2  in.)  rails.      The  results  were  not 

favourable  and  the  engineers  do  not  think  of  adopting  this  length. 

State.  —  The  short  rail  is  of  the  double-headed  type,  and  is  5*5  metre  (18  ft.  Vt  in.)  long. 
It  weighs  40  kilograms  per  metre  (80*63  lb.  per  yard) ;  for  a  long  time  now  the  1 1  metre  (36  ft. 
1  in.)  length  has  been  considered  as  standard  and  the  greater  part  of  the  system  is  laid  with 
such  rails.  The  length  is  now  being  increased.  By  the  end  of  1906,  200  kilometres  (125  miles) 
of  track  will  have  165  metre  (54  ft.  2  in.)  rails.  Moreover  900  rails  22  metres  (72  ft.  2  in.) 
long  have  been  ordered  for  use  on  bridges,  but  it  is  not  proposed  to  use  them  on  the  ordinary 
track. 


[  621  .14(09.5  (.42)  ] 

4.  —  Boad  motor-car  service. 

Figs.  8  to  10,  pp.  1881  and  18S3. 
{The  Railway  Magazine.) 

A  glance  at  the  map  in  **  Bradshaw  "  gives  to  the  uninitiated  in  railway  matters  an  impression 
of  a  network  through  which  the  trunk  lines  stand  out  prominently,  as  connecting  the  important 
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cities,  of  the  country  by  the  most  direct  routes,  while  smaller  towns  and  villagses  are  brought  into 
communication  with  these  main  lines  by  almost  innumerable  branches.  Nothing  is  more 
noticeable  in  comparing  a  railway  map  of  England*  with  that  of  foreign  countries,  than  this 
feature  —  the  prevalence  of  the  branch  lines. 

The  log'ical  development  of  this  has  been  to  supplement  the  network  system  by  means  of  even 
more  slender  filaments  than  can  be  supplied  by  railways.  Until  now,  horse  traction  has  been 
all  that  could  be  found  for  the  purpose,  but  during  the  last  year  or  two,  self-propelled  traction 
of  all  kinds  has  enabled  the  great  railway  companies  to  make  use  of  the  roads,  which  have  always 
been  necessarily  the  basis  of  their  systems,  in  a  m^inner  which  has  obviated  the  construction  of 
branch  lines,  at  an  expense,  which  would  have  rendered  them  unprofitable. 

The  early  pioneers  of  our  great  railways  could  have  had  little  idea  of  the  great  changes  in  the 
•economic  auditions  of  the  country  that  railway  travel  was  to  bring  about. 

As  the  population  increased  in  the  large  towns,  which  rapidly  became  the  centres  of  all  com- 
merce, and  the  demand  for  speedy  transit  steadily  grew,  the  railways  had  not  only  to  multiply 
and  accelerate  their  transport,  but  to  secure  that  their  routes  were  the  most  direct  available. 
At  the  -same  time,  another  cause  was  working  in  an  almost  opposite  direction.  Thousands 
became  dependent  every  day  on  the  rapid  transport  of  foodstuffs  for  their  daily  sustenance,  and 
it  is  thus  that  the  commerce  of  the  country  necessitated  the  construction  of  many  branch  lines,  in 
brder  to  bring  the  rural  districts  into  touch  with  great  centres  such  as  Lotidon,  Birmingham  and 
Manchester. 

Certain  it  is  that  landowners,  far  from  refusing,  as  they  did  in  the  early  days,  to  allow  the 
railways  to  come  near  their  doors,  would,  if  they  now  had  the  opportunity,  move  heaven  and 
earth  to  ensure  that  they  should  pass  through  their  domains. 

Once  more  the  chance  is  offered  them  —  this  time  experience  has  taught  them  the  wisdom  of 
accepting  the  opportunities  given  them  by  the  railway  companies  —  and  small  towns  which,  by 
their  own  doing,  or  by  the  nature  of  the  ground,  were  deprived  of  railway  communication,  now 
^nd  themselves  once  more  linked  to  civilisation  by  a  system  of  motor  traction. 

The  London  &  North  Western  Railway,  although  not  the  actual  pioneers  of  motor-onanibus 
servi<^es,  commenced  running  them  as  soon  as  a  reliable  type  of  machine  was  placed  on  the 
market. 

Early  last  year  the  company  commenced  its  first  service.  This  was  between  Connah's  Quay 
and  Flint,  on  the  estuary  of  the  Dee,  and  Mold,  the  recognised  capital  of  Flintshire.  This  route 
connects  the  Chester  and  Denbigh  Railway  with  the  Chester  and  Holyhead  line,  and  enables 
passengers  from  the  interior  of  Flintshire  and  Denbighshire  to  reach  the  coast  without  performing 
the  long  journey  via  Chester.  The  road  traversed  by  the  omnibuses  leads  over  the  hills,  and 
rises  in  places  to  a  height  of  nearly  700  feet  above  the  railway  passing  through  Northop,  a  pros- 
perous little  village  three  miles  from  Mold  on  the  one  hand,  and  Flint  on  the  other.  Northop 
residents  now  have  the  benefit  of  twenty-six  motor-omnibus  services  daily  to  Flint  and  Mold  in 
connection  with  trains  to  and  from  Chester,  Rhyl,  Llandudno,  Denbigh,  and  Corwen,  made  up 
as  follows  :  five  services  to  and  five  from  Flint,  and  eight  from  and  eight  to  Mold,  the  three  extra 
ones  each  way  between  Mold  arid  Northop  are  performed  by  the  Holywell  and  Mold  motor-bus 
which  runs  via  Northop  'see  fig.  9). 

The  distance  separating  Flint  and  Mold  is  6  miles,  and  the  inhabitants  of  the  former  town 
who  formerly  had  either  to  travel  24  miles  by  rail  via  Chester,  or  trudge  6  weary  miles  to 
reach  their  market  town,  are  now  carried  there  arid  back  in  little  over  an  hour  for  the  sum  of 
Is,  4d.,  while  their  luggage  and  parcels  are  conveyed  at  very  cheap  rates. 
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Fig.  S.  —  London  &  North  Western  Railway  motor-omnibus,  running  between  Connah's  Quay  and  Mold. 


Fig.  10.  —  London  A  North- Western  Railway  motor-omnibus,  running  between  Holywell  station 

and  Holywell  town. 
V.  XX  130- 
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How  popular  this  service  has  been  is  clearly  shown  by  the  fact  that  more  than  70,000  passen- 
gers have  been  carried  in  one  year. 
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Fig.  9.  —  London  &  North  Western  Railway  road  motor  services  in  Flintshire. 

One  of  the  most  enterprising  motor* omnibus  services  in  the  country,  perhaps,  is  that  which  is 
now  running  between  Holywell  town  and  Holywell  station,  on  the  London  &  North  Western 
Railway  Company's  Chester  and  Holyhead  line.  The  town  of  Holywell,  perched  on  the  side  of 
Halkyn  Mountain,  560  feet  above  the  sea,  is  more  than  a  mile  and  a  half  from  th«  railway,  which, 
on  account  of  the  mountainous  nature  of  the  country  inland,  has  to  hug  the  coast.  The  road 
from  the  station  to  the  town  leads  up  a  narrow  valley,  passes  the  famous  holy  wells  (supposed  to 
possess  miraculous  powers  of  healing,  and,  according  to  tradition,  more  than  1,200  years  old), 
and  reaches  Holywell  by  means  of  a  long  hill  with  a  gradient  of  1  in  8. 

Until,  last  year  horse-drawn  conveyances  plied  between  the  station  and  the  town,  but  the 
enormous  strain  on  the  animals,  caused  by  the  steep  hill,  made  the  onanibuses  so  unpopular  that 
many  passengers  preferred  to  walk,  while  the  rates  for  the  delivery  of  goods  were  necessarily 
very  hea\7. 

All  this  has  been  changed  by  the  advent  of  the  motor  vehicle,  and,  to-day,  the  London  &  North 
Western  Railway's  omnibuses  perform  thirty  trips  to  and  from  the  town,  meeting  every  train 
which  arrives  at  the  station.  "^ 

A  special  type  of  vehicle  (fig.  10)  is  used,  developing  18  indicated  horse-power,  and  carrying 
16  passengers,  with  Vs  ^^  of  luggage.  The  vehicles  negotiate  the  hill  of  1  in  8  with  the 
greatest  of  ease,  and  the  feelings  of  the  passengers  are  no  longer  harrowed  as  they  used  to  be 
behind  the  toiling  horses. 

In  addition  to  the  passenger  service,  the  company  now  deliver  goods  by  means  of  a  steam  lorry, 
which  easily  climbs  the  steep  hill  into  Holywell  with  7  tons  on  its  back,  forming  a  striking 
contrast  to  the  horse  which  could  not  draw  more  than  one-fourteenth  part  of  that  load  into  the 
town.  Consequently  the  railway  company  is  now  able  to  deliver  goods  at  less  than  half  the 
former  cost,  and  Holywell  to-day  receives  free  delivery  instead  of  paying  at  the  rate  of  la,  8d. 
a  ton  as  heretofore. 

Yet  another  service  of  motor-omnibuses  links  Holywell  to  Mold,  10  miles  distant,  and  enables, 
the  residents  of  the  mining  districts  of  Halkyn  and  Moelfre  to  reach  their  market  town  quickly 
and  cheaply. 
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In  the  neighbourhood  of  the  Metropolis  where  the  cost  of  land  is  enormous,  the  railways  are 
solving  the  problem  of  reaching  outlying  villages  by  running,  frequently,  motor-omnibuses. 
A  service  of  this  description  is  now  in  force  between  Watford,  on  the  London  &  North  Western 
Railway*s  main  line,  and  Croxley  Green,  a  village  3  miles  distant.  The  inhabitants  of  this 
hamlet  are  provided  with  an  hourly  service  lo  Watford,  which  enables  them  to  reach  the  Metro- 
polis in  fifty -five  minutes  from  their  doors. 

Such  services  would  seem  to  admit  of  great  development,  but  whether  in  the  near  future  every 
village  will  have  a  regular  service  of  motor-omnibuses  calling  for  intending  pswsengers  by  the 
railway  is  still  a  doubtful  question.  For  it  must  not  be  supposed  that,  in  order  to  establish  a 
motor-omnibus  service,  it  is  only  necessary  to  buy  a  vehicle,  provide  petrol  and  driver,  and  start 
it  running.  The  motor-car  of  to-day  is  a  machine  which  is  very  costly  both  to  run  and  maintain, 
and,  in  comparison  with  the  expense  involved,  can  carry  but  a  small  complement  of  passengers. 
A  depot  has  to  be  maintained,  equipped  with  a  number  of  spare  parts  of  machinery,  ready  to 
replace  any  that  may  fail  on  the  vehicle,  and  the  drivers  employed  must  be  mechanics  thoroughly 
competent  to  carry  out  any  repairs  necessary.  The  petrol  vehicle,  too,  is  so  much  in  its  infancy 
that  it  has  been  found  necessary,  in  order  to  maintain  a  reliable  service,  that  a  spare  omnibus 
should  always  stand  ready  for  the  road  in  case  of  break-downs. 

The  reader  will  easily  understand,  therefore,  that  it  is  only  in  districts  where  there  is  a  consi- 
derable demand  for  some  rapid  means  of  conveyance  that  the  motor-omnibus  can  at  present  pay 
its  way,  but  it  is  to  be  hoped  that,  as  time  goes  on,  the  same  steady  progress  towards  efficiency 
and  economy  will  be  made  with  this  means  of  transport,  as  in  the  case  of  the  locomotive  since 
1830,  and  that  the  self-propelled  onmibus  will  be  so  developed  in  the  near  future  as  to  become 
far  more  extensively  used  than  it  can  be  to-day. 

Travellers  by  the  road  motor-car  services  provided  by  the  London  &  North  Western  Railway 
can  rest  assured  that  special  attention  is  given  to  see  that  the  powerful  brakes  with  which  all  the 
vehicles  are  fitted,  are  in  thorough  working  order,  a  special  examination  test  being  made  daily. 
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Unterrichtsanstalten,  fiir  Techniker  und  Ingenieure  in  der 
Praxis  und  zum  Selbststudium  angeh!  Ingenieure. 

Berlin,  W.  &  S.  Loewenthal.  Lex.,  in-SS  iv-158  Seiten  mit 
202  Figuren.  (Preis  :  9  Mark.) 


In  Enfflish. 


389 


1906 

ANTHONY  (E). 

An  enquiry  into  and  an  explanation  of  deoimal  ooinage  and 
the  metric  system  of  weights  and  measores. 

London,  Routledge.  3'**  edition,  4*o.  (Price  :  2*.  6d.) 


388  (.73) 


1905 

ARNOLD  (Bion-Joseph). 

Report  on  the  engineering  and  operating  featares  of  the 
Chicago  transportation  problem ;  submitted  to  the  Committee 
on  local  transportation  of  the  Chicago  City  Council,  Chi- 
cago, November  1902. 

New  York,  Me  Graw  Publishing  Co.  8vo,  310  pages,  il. 
diagram?,  14  fold,  plates.  (Price  :  $5.) 

62.  (02 


1906 

FERRIS  (Chas.  E.). 

Manaal  for  engineers. 

Knoxville,  University  of  Tennessee.  Sixth  edition.  (Price  : 
50  cents.) 
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II, 


BIB]:.IOOR>lkPH3r    OF    PSSRIODIO^I^S 

(Jnne,  1906.) 


In  French. 


Annates    de«    niine««    (Paris.) 
1906  625  .2  (01 

AnrialevS  des  mines,  avril,  p.  448. 

MARIE  (G.).  —  Les  denivellements  de  la  voie  et  les 
oscillations  du  materiel  des  chemins  de  fer.  (14,000  mots 

Ann«il«>»    dei»    pontM    et    chansaeeM.   (Paris.) 

1906  351 .812.1  (.45} 

Aunales  des  pODis  et  chauss^es,  avril,  p.  365. 

Loi  concemant  Texploitation  des  chemins  de  fer  par 
I'Etat  en  Italia.  (4,000  mots.) 

1906  313  .385  (.7i) 

Annales  des  poots  ek  chaussees,  avnl,  p.  377. 

Rcsullals  generaux  de  Texploitation  des  chemins  de 
fer  du  Canada  pendant  les  exercices  1903-1904  et 
1902-1903.  (8  tableaux.) 

1906  313  .385  (.469) 

Annales  des  ponts  et  chaussees,  avril,  p.  381. 

Resultats  generaux  de  I'exploitation  des  chemins  de 
fer  portugais  en  1903  et  1902.  (3  tableaux.) 

1906  313  .385  (.498) 

Aunales  des  pouts  et  cbaussees,  avril,  p.  383. 

Resultats  gendraux  de  Texploitation  des  chemins  de 
fer  de  TEtat  roumain  pendant  les  ann6es  1903  et  1902. 
<o  tableaux.) 

Annaleis   tecbniqae*.  (Paris.) 

1906  621  .132.3  &  621  .134.4 

ALnales  techniques,  no  1,  l^r  juin,  p.  1. 

BOUNIN  (R.).  —  Les  locomotives  compound  du  Great 
Western  Railway.  (900  mots  &  fig.) 


Annalea    dea    travaox    public*    de    Belnique. 

(BmxallM.) 
1906  624  .6  (01 

Annales  des  travaux  publics  de  Bel^ique,  juin,  p.  493. 

DESCANS  (L.),  —  Arcs  a  deux  rotules  et  arcs  encas- 
Ires.  (40,000  mots  &  fig.) 

1906  625  .5  (.494) 

Annales  des  travaux  publics  de  Belgique,  juin,  p.  709. 

Nouveaux  funiculaires  aeriens.  (1,200  mots.) 


BalleCin    do    CSonin*^    lntei*national 
dea    ohemlna    de    fei*.    (BnaadM.) 

1906  624.  (01 

Bulletin  du  Congr^s  des  cbemins  de  fer,  n9  6,  juin,  p.  489. 

MARRIOTT  (William).  —  Consolidation  et  entretien 
des  anciens  ponts  en  fer  (memoire  et  discussion). 
(19,700  mots,  3  tableaux  &  fig.) 


1906  621  .ia3.  (01 

Bulletin  du  Congr^s  des  chemins  de  fer,  n®  6,  juin,  p.  538. 

BUSSE  (0.).  —  Note  sur  la  puissance  dc  vaporisation 
des  chaudieres  de  locomotives.  (750  mots.) 


1906  624  .63  d  721  .9 

Bulletin  du  Congr^s  des  chemins  de  fer,  n®  6,  juin,  p.  541. 

Heton    arme    (question   IV,   7*   session).    Discussion. 
(11,300  mots.) 

1906  621  .134 

Bulletin  du  Congr^s  des  chemins  de  fer,  n®  6,  juin,  p.  569. 

Machines  a  grande  puissance  (question  V,  7®  session). 
Discussion.  (45,000  mots.) 


1906  621 .132.8 

Bulletin  du  Gongrds  des  chemins  de  fer,  n*»  6,  juin,  p.  654. 

.Moteur  a  petrole  pour  la  traction  des  voitures  de 
chemins  de  fer.  (1,700  mots  &  fig.) 

1906  625 .253 

Bulletin  du  Congrte  des  chemins  de  fer,  n^  6,  juin,  p.  659. 

La    nouvelle    triple    valve    Westinghouse    type    K. 
(2,400  mots  &  fig.) 

1906  62.  (01  (06 

Bulletin  du  Gongrds  des  cbemins  de  fer,  n«  6,  juin,  p.  663. 

Association  internationale   pour   Tessai   des   mate- 
riaux.  (Congr^s  dc  Bruxelles  en  1906.)  (600  mots.) 


1906  016.385.(02 

Bulletin  du  Gongres  des  chemins  de  fer,  n*  6,  juin,  p.  55. 

Bibliogpraphie  mensuelle  des  chemins  de  fer.  —  Livres. 
(19  fiches.) 

1906  016  .385.  (05 

Bulletin  du  Gongres  des  chemins  de  fer,  n®  6,  juin,  p.  57. 

Bibliographie  mensuelle  des  chemins  de  fer.  —  Perio- 
diques.  (147  fiches.) 
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Hulletln  <le«    ti*«napoi*t«    InteraatJonMUx 
ptti*  ohemlna  <le  Ter.  (Btrnt.1 

1906  625  .1  (09  (.494) 

r^ullctin  des  transports  intern,  par  ch.  de  fer,  n®  6,  juin,  p.  199. 

I/ouveriure  du  tuoDcl  dii  Siraplon.  (3,000  mots.) 


Eclttli*ttf(e     ^lectrlque.    (Parit.j 
1906  625 .13 

F-iclairage  61ectrique,  n"  22,  2  juin,  p.  334. 

Sur  la  composition  de  I'air  du  chemin  de  fer  Melropo- 
lilain  de  New- York.  (3,000  mots.) 

Gonle  elvil.  (Pari*.) 

1906  621  .33  &  625  .4 

Oonie  civil,  n©  1246,  28  avril,  p.  444. 

DUMAS  (A.).  —  Le  ehcmin  de  fer  eleetrique  souler- 
rain  NordSud  de  Paris.  (4,500  mots  &  tip:.) 

1906  625  .234 

Oenie  civil,  n«  1248,  12  mai,  p.  23. 

GUKRIN  (H.).  —  Chauffage  des  trains  par  la  vapeuret 
lean  combin^es,  ou  par  la  vapeur  deiendue.  (2,400  mot*; 
^^^■)  

1906  625 .232 

Oenie  civil,  n«  1249,  19  mai,  p.  40. 

MARRE  (F.).  —  Les  nouvelles  voilures  de  3®  classe  de 
la  Compagiiie  des  chomiiis  de  fer  du  Midi.  (600  mots, 
1  tableau  &  fig) 

1906  621  .33  (.44) 

Oenie  civil,  n®  1251,  2juin,  p.  65. 

Traction  eleetrique  k  2,400  volts  sur  la  ligne  de  Saints 
Oeorges-de-Commiers  k  la  Mure  (Isere).  (2,000  mots  &  fig.) 


«loi&i*nal    <le«    tJ*ttn«poi*t«.    (Pari*.) 

1906  621 .132.8,  621  .33  &  656  .27 

Joarnal  des  transports,  no  23,  9  juin,  p.  265. 

Automolrices  sur  rails.  (4,000  mots.) 

1906  385.15(42) 

Journal  des  transports,  no  23,  9  juin,  p.  271. 

La  nationalisation  des  chcmins  de  fer  en  Angleterre. 
ll.iOOmots.) 

1906  385  .113  (.44) 

Journal  des  transports,  n^  24,  16  juin,  p.  277. 

Les  resultats  de  1905.  Le  resoau  du  Nord.  (2,000  mots 
&  3  tableaux.) 

1906  625 .142.4 

Nouvelles  annates  de  la  construction,  n^  618,  juin,  p.  90. 

Traverses  en  ciment  arme  et  traverses  mixtes  pour 
voiesde  chemins  de  fer.  (1,200  mots,  1  tableau  h  fig.) 


I^evue  politique  et  pMi*lementttli*e.  (Paris.) 

1906  385  .15  (.493) 

Revue  politique  et  parlenientaire,  n«  144.  juin,  p.  .504. 

PESCHAUD  (M.).  —  Les  chemins  de  fer  de  I'Etal 
beige.  (10,000  mots.) 


In   German. 


Annalen  rnr  <s€»%verl»e  und  BttuwoMen.  (Bariln.) 

1906  621 .138.2 

Annalen  fur  Gewerbe  und  Bauw.,  N'  695, 1.  Juni,  p.  201. 

H  ARPRECHT.— Mechanische  Lokomotivbekohlungs- 
anlagen  mit  besondererBerOeksichtigungder  Bekohlungs- 
anlage  Grunewald  und  Qber  die  Staubabsangungsanlagc 
daselbst.  (3,300  Wftrter  &  Fig.) 

1906  625 .236 

Annalen  fur  Gewerbe  und  Bauw.,  N*"  695,  1.  Juni,  p.  214. 

GUILLERY.  — Stauhsauger.  (2,900  WOrter,  1  Tabelle 
<^  Fig.) 

Beton  and  Blsen.  (BerRn.) 

1906  624 .7 

Beton  und  Eisen,  Heft  VI,  p.  140. 

ZIPKES  (S.).  —  Eisenbelonbrucken  mit  versenkter 
Falirbahn.  (1,600  W/U'tcr,  2  Tabellcn  Sz  Fig.) 

1906  625 .142.4 

Beton  und  Eisen,  Hefl  VI,  p.  144. 

MONTENEGRO  (0.  N.  di).  —  Die  Betoneisen-Schwel- 
len.(000  \V6rter&  Fig.) 


OEaterrelclilaclie    KI»«nbttlin-Zeitiin|c.  (WIm.) 

1906  656  .235 

(Esterreichische  Eisenbahn-Zeitung,  N'' 18,  1.  Juni,  p.  161. 

Die     Fortentwickolung    des    vereinfachten     Abferti- 
gungsverfahrens.  (1,700  Wftrter.) 


Elekti*i»clie  Bahnen  und  Betrlebe. 
KeitBcbrift  Tur  Verkehi**-  and  Xranaporfweaen. 

(MOnolMn.) 

1906  621 .33 

Elektrische  Bahnen  und  Betriebe,  Heft  17,  13.  Juni,  p.  313. 

HOTOPF.  —  Die  elektrischen  Bahnanlagen  der  Fil- 
derbahn.  (3,300  W5rter  &  Fig.) 


2Eeit«clii*irt    rinr    Kielnbttlinen.    (BarilN.) 

1906  621 .33 

Zeitschrift  fiir  Kleinbahnen,  Heft  6,  Juni,  p.  341. 

Die   Einftihrung  des  elektrischen  Belriebes  auf  der 
New  York  Central -Eisenbahn.  (3,600  W5rt-er  &  Fig.) 
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1906  313  :  621  .33  (.42) 

Zeitschrift  lur  Kleinbahnen,  Heft  6,  Juni,  p.  348. 

F.lektrische  Babnen  in  Grossbritannien.  (300  WOrter 
k  Tabellen.)  

Zeltaohrirt  de«  AatemrelelUsclieii  Inf^enleur-  v&nd 
A^rchltekten-Verelnea,  (Wl«ii.) 

1906  624 .63 

Zeit.  des  oat.  Ingen.-  und  Archit.-Ver.,  N^  22,  1.  Juni,  p.  333. 

MEL  AN  (J.).  —  Die  Beton-Eisen-Brucke  Chauderon- 
Montbenon  in  Lausanne.  (3.200  WOrter,  3  Tabellen  &  Fig.) 


1906  621 .132.8 

Zeit.  des  ost.  Ingen.-  und  Archit.-Ver.,  N*"  23,  8.  Juni,  p.  346. 

KRLZKO  (J.).  —  Benzinelektriscbc  Selbslfahrer  im 
Eisenbahnbetriebe.  (3,500  WOrter  &  Fig.) 


Z«itj»olii*irt  <le«  Vei*elne«  deutscher  Iniseiileare* 

(B«ma.} 

1906  621 .132.8 

Zeit,  des  Vereines  deutscher  Ingen.,  N"^  22,  2.  Juni,  p.  860. 

HELLER   (A.).   —   Der   Eisenbahnmotorwagen  der 
Maschinenfabrik  Esslingen.  (1,000  WOrter,  2  Tabellen 

&Fig.) 


1906  621 .134.3 

Zeit.  des  Vereines  deutscher  Ingen.,  N'  22,  2.  Juni,  p.  870. 

METZELTIN.  —  Lokomoliven  mil  Ventilsleuerung. 

(1,200  W6rter&  Fig.) 


1906  621 .14 

Zeit.  des  Vereines  deutscher  Ingen.,  N'  23,  9.  Juni,  p.  907. 

HELLER  (A.).  —  Personen-  und  Guterbefftrderung  mit 
schweren  Motorwagen.  (1,600  Wdrter,  3  Tabellen  &  Fig.) 


Zeitunic   den  Vei*elna  deatsoher    Btsenbtthn- 
ver^M^ttltiinKeii.  (BmUh.) 

1906  656  .25  (01  (.43) 

Zeitung  des  Vereins,  N'  42,  2.  Juni,  p.  669. 
—  N''43,9.    —    p.  685. 

CAUER  (W.).    —    Zur    deutschen    Slgnalordnung. 

i6,500WOrter.) 


1906  625 .11 

Zeitung  des  Vereins,  N'  42,  2.  Juni,  p.  672. 

Die  Eisenbahn  Alaska-Sibirien.  (3,500  WOrter.) 


1906  385 .51 

Zeitung  des  Vereins,  N'  44,  13.  Juni,  p.  705. 

HERTZER  (W).  —  Die  Haftung  der  Eisenbahn  fur 
iir  Personal  nach  dem  Biirgerlichen  Gesetzbuch.  (4,000 
Worter.) 


In    Biiglish. 


and   RttllroAd  Joaraal.  (H«w  Yerk.) 

1906  621 .132.3 

American  Engineer  <&  R.  Journal,  No.  6,  June,  p.  203. 

Prairie  type  passenger  locomotive  with  Walschaert 
valve  gear.  (500  words,  1  table  &  fig.) 


J906  621  .132.1 

American  Engineer  d  R.  Journal,  No.  6,  June,  p.  217. 

Simple  four-cylinder  passenger  locomotive  with 
superheater.  (1,200  words  &  ^g.)  (See  Bulletin  of  the 
Railway  Congress^  No.  11,  November  1905.) 


1906  621 .133.5 

American  Engineer  &  R.  Journal,  No.  6,  June,  p.  228. 

American     engineer     tests     on     locomotive     draft 
appliances.  (2,400  words  &  fig.) 


A^merlocin    Mttehlnlal.    (H«w  Y*rk.) 

1906  621  .13  (01 

American  Machinist,  No.  24,  June  30,  p.  762. 

BASFORD  (G.   M.).  —  The   molivepower    officer. 
(4,500  words.) 

BulleUn  oftbe  liitei*iittUonttl  Rall^wtty  Gonsi-e««* 

(BrmMlt.) 

1906  625  .233  &  621  .32 

Bulletin  of  the  Railway  Congress,  No.  6,  June,  p.  865. 

L'HOEST  (G.).  —  The  electric  lighting  of  railway 
trains  on  the  L'Hoest-Pieper  system.  (4,800  words  &  fig.) 


1906  621  .134.3 

Bulletin  of  the  Railway  Ck>ngre88,  No.  6,  June,  p.  879. 

VAUGHAN  (H.  H.).  —  The  use  of  superheated  steam 
on  locomotives.  (13,500  words,  11  tables  &  fig.) 


1906  313 .385 

Bulletin  of  the  Railway  Congress,  No.  6,  June,  p.  907. 

GOODCHILD  (A.  A.).  —  Railroad  statistics.   (4,700 
words  &  2  tables.) 


1906  621  .33  <&  656  .222.1 

Bulletin  of  the  Railway  Congress,  No.  6,  June,  p.  917. 

The  Berlin-Zossen  high-speed  tests  of  1901.  (7,000 
words,  tables  &  fig.) 

1906  625  .143 

Bulletin  of  the  Railway  Congress,  No.  6,  June,  p.  917. 

Rails  for  lines  with  fast  trains  (question  II.  7^^ session). 
Discussion.  (30,200  words  &  fig.) 


Digitized  by 


Google 


Digitized  by 


Google 


82 


1906  625  .143 

Bulletin  of  the  Railway  Congress,  No.  6,  June,  p.  1014. 

DUDLEY  (P.  H.).  —  Rails  for  lines  with  fast  trains 

(question  II,  T'^^  session).  Addenda  to  the  report  No.  3. 
!Api)endix  to  the  discussion.)  (4,800  words  &  fig.) 


1906  625 .151 

Bulletin  of  the  Railway  Congress,  No.  6,  June,  p.  1027. 

Improved  rail  crossings  (frogs)  (question  III,  7^^  ses- 
sion). Discussion.  (1,500  words.) 

1906  625  .25.3 

Bulletin  of  the  Railway  Congress,  No.  6,  June,  p.  1034. 

The  new  Westinghoiise  **  K  ''  triple  valve.  (2,000 

words  &  fig.) 


1906  625  .216 

Bulletin  of  the  Railway  Congress,  No.  6,  June,  p.  103S. 

Automatic  couplings.  (400  words.) 

1906  385  .517.1 

Bulletin  of  the  Railway  Congress,  No.  6.  June,  p.  1038. 

Lancashire  &  Yorkshire  Railway  Superannuation 
Fund.  (350  words.) 


1906  016  .385.  (0i> 

Bulletin  ot  the  Railway  Congress,  No.  6,  June,  p.  55. 

Monthly  bibliography  of  railways.  —  Books.  (19  labels.) 


621 .132.3 


1906 

Engineer,  No.  2632,  June  8,  p.  573. 

ROUS-MARTEN   (C).    —   Latest  express  engines- 
South  Eastern  &  Chatham  Railway.  (1 ,800  words  &  fig.) 


624  .52 


1906 

Engineer,  No.  2632,  June  8,  p.  575. 

New  suspension  bridge  at  New  York.  (2,200  words, 
2  tables  &  fig.; 

I  Eaf(lneerlnf(.    (UatfM.) 

1906  656  .256.3  &  625  .4 

Rneineering,  No.  2109,  June  1,  p.  7 18. 

Automatic  signalling  on  the  underground  railways  of 
I-ondon.  (4,500  words  &  fig.) 


1906  016.385.(05 

Bulletin  of  the  Railway  Congress,  No.  6,  June,  p.  57. 

Monthly    bibliography  of  railways.    —    Periodicals. 
(147  labels.)  1 

■CnKlneei*.  (Loatfon.J 

1906  624 .1 

Engineer,  No.  2631,  June  1,  p.  547.  | 

The  new  railway  bridge  at  Newcastle.  (2,000  words 

<Scfig.) 


1906  625 .212 

Engineering,  No.  2109,  June  1,  p.  738. 

EYERMANN  (P.).  —  Solid  rolled-sleei  car-wheels 
and  tyres.  (5,200  words,  1  table  &  fig.) 

1906  621 .132.3 

Engineering,  No.  2110,  June  8,  p.  757. 

Fairlie  locomotive  for  the  Bolivian  Railways.  (700 
words  &  fig.) 

1906  62.  (01  A  669  .1 

Engineering,  No.  2110,  June  8,  p.  770. 

BANNISTER  (C.  0.).  —  The  relation  between  type  of 
fracture  and  microstructure  of  steel  lest  pieces. 
(2,500  words,  tables  &  fig.) 


1906  385.  (01  (.91) 

Engineering  Magazine,  June,  p.  329. 

BENNETT  (L.  E.).  —  Transportalion  in  the  Philip- 
pines. (2,700  words  &  fig.) 


BnfclneerlnK  News.  (Hmt  Y*rk.) 

1906  725 .31 

Engineering  News,  No.  21,  May  24,  p.  567. 

The  Pennsylvania  R.  R.  passenger  station  in  New 
York  city.  (1,000  words  &  fig.) 

1906  624 .63 

Engineering  News,  No.  21,  May  24,  p.  570. 

LUTEN  (D.  B.).  —  The  reinforced  concrete  beam 
culvert  :  an  inefficient  structure.  (2,000  words  &  fig.) 

1906  625  .241  &  625  .246 

Engineering  News,  No.  21,  May  24.  p.  572. 

Steel  flat  cars  for  specially  heavy  loads.  (2,000  words, 
I  table  &  Ag.) 

1906  621  .331 

Engineering  News,  No.  22,  May  31,  p.  591. 

The  Pennsylvania  R.  R.  extension  to  New  York  and 
Long  Island  :  structural  details  of  Long  Island  power  sta- 
tion. (4,000  words  &  fig.) 


625  .13 


1906 

Engineering  News,  No.  22,  May  31,  p.  611. 

Report  on  the  defects  of  the  Brooklyn  tunnels  of  the 
New  York  Rapid  Transit  Railway.  (2,300  words.) 

1906  656 .254 

Engineering  News,  No.  22,  May  31,  p.  615. 

A  train  order  signal   system   for  electric  railways. 
(1,400  words  &  fig.) 
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625  .144.4 


1906 

Engineering  News,  No.  22,  May  31,  p.  616. 

BLACKIE  (G.  F.).  —  Curving  rails  by  power  :  Nash 
ville.  Chattanooga  &  St.  Louis  Railway.  (2,000  words.) 


€«rettt  'greater n  Rnll^wtty  Mtt^ttzlne.  (London.) 

1906  621  .331 

Great  Western  Railway  Magaiine,  No.  6,  June,  p.  110. 

SMITH  (R.  T.)-  —  Electric  supply  for  traction, 
power,  and  lighting  in  the  G.  W.  R.  London  district. 
(1.300  words  &  fig.) 


Ptt^e'A   'MTeekly.  (London.) 

1906  621  .12  A  656  .211.7 

Page's  Weekly,  No.  91,  June  8,  p.  1272. 

The  Dover-Ostend  turbine  steamship  *'  Princesse 
Elisabeth  *'.  (800  words,  2  tables  &  fig.)(S.  Bulletin  of 
the  Railway  Congress^  No.  5,  May  1906.) 


625  .143.3 


1906 
Page's  Weekly,  No.  92,  June  15,  p.  1316. 

MOYLE  (G.).  —  Roaring  rails.    A  mysterious  develop- 
ment. (1,400  words  &  fig.) 


Rttllrottd  Gazette.  (How  York.) 

1906 

Railroad  Gazette,  No.  21,  May  25,  p.  ."521. 

What  stops  a  moving  train.  (2,700  words.) 


656  .221 


1906  725  .31 

Railroad  Gazette,  No.  21,  May  25,  p.  522. 

The  Pennsylvania  Railroad's  extension  to  New  York 
and  Long  Island.  (1,200  words  &  fig.) 


1906  621  .13  &  621  .33 

Railroad  Gazette,  No.  23,  June  8,  p.  563. 

The  passing  (?)  of  the  steam  locomotive.  (1,400  words.) 


1906  625 .244 

Railroad  Gazette,  No.  23,  June  8,  p.  565. 

Baltimore  &  Ohio  refrigerator  car.  (400  words  &  ^^.) 

1906  625  .243  &  625  .246 

Railroad  Gazette,  No.  23,  June  8,  p.  568. 

Standard  80, 000-1  b.  box  car  for  the  Rock  Island-Frisco 
system.  (600  words  &  fig.) 


625  .24  (01 


1906 
Railroad  Gazette,  No.  23,  June  8,  p.  572. 

SYMONS  (W.  E.).  —  The  50-ton  box  car  as  a  standard 
in  railroad  equipment.  (2,600  words.) 


1906  656 .256.2 

Railroad  Gazette,  No.  23,  June  8,  p.  .574. 

All-elcclric  interlocking  at  council  bluffs.  (1 ,500  words 
&  fig.)  

1906  621 .13  (01 

Railroad  Gazette,  No.  23,  June  8,  p.  581. 

BASFORD  (G.  M.).  —  The  motive  power  officer. 
(4,000  words.)  

1906  656.211.7 

Railroad  Gazette,  No.  23,  June  8,  p.  593. 

DAVIDSON  (R.  C.)  &  BOARDMAN  (B.).  —  Car  ferry 
lines  of  American  railroads.  (2,000  words,  1  table  &  ^^,) 

1906  621  .132.8 

Railroad  Gazette,  No.  23,  June  8,  p.  598. 

A  new  steam  rail  motor  car.  (700  words  &  ^^.) 


Rttll-mrtty    A|se.    (OhlOMO*) 

1906  625 .13 

Railway  Age,  No.  1564,  June  1,  p.  887. 

Plan  for  a  tunnel  under  the  English  channel.  (1,300 

words  <&  fig.) 

1906  625.13  d  625.4 

Railway  Age.  No.  1.564,  June  1,  p.  897. 

Ventilation  of  the  Interborough  Subway,  New  York. 
(5,000  words.)  

Rall%iv«y  and  RaKlneei*lnK  Revle'w.  (Ohtoago.) 

1906  725.31 

Railway  and  Engineering  Review,  No.  21,  May  26,  p.  375. 

Pennsylvania  R.  R.  extension  to  New  York  and  Long 
Island.  (1,200  words  &  fig.) 


Rail'way  Gazette.  (London.) 
1906  621  .138.1 

Railway  Gazette,  No.  20,  June  1,  p.  801. 

The  Great  Western  Railway's  new  London  locomotive 
depot.  (1 ,500  words,  1  table  &  ^%,) 

1906  625 .143.4 

Railway  Gazette,  No.  21,  June  8,  p.  841. 

CONRADI(J.  F.).  —  Rail  joints.  (600  words,  1  table 

&fig)  

1906  725 .31 

Railway  Gazette,  No.  21,  June  8,  p.  852. 

The  Pennsylvania  Railroad's  extension  to  New  York 
and  Long  Island.  (1,200  words  &  fig.) 


Rall^way    Masazine.   (London.) 
1906  656 .222.1 

Railway  Magazine,  No.  108,  June,  p.  458. 

ROUS-MARTEN  (C).  —  British  locomotive  practice 
and  performance.  (3,500  words  &  fig.) 


Digitized  by 


Google 


Digitized  by 


Google 
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1906  625  .245 

Railway  News,  No.  2216,  June  23,  p.  H23. 

The  North  Eastern  Railway  new  fish,  fruit,  and  milk 
>ans.  (700  words  &  fig.) 


Rttll^way    Xlmea.  (London.) 

1906  656 .211.4 

Railway  Times.  No.  23,  June  9,  p.  734. 

New  station  for  the   Pennsylvania  Railway  at    New 
York .  ( 1 ,300  words  &  fig.) 


621  .33  (.42) 


1906 

Railway  Times,  No.  24,  June  16,  p.  765. 

Elerlrification  of  the  Hammersmith  <fe  City  Railway. 
^4,000  words  (fe  fig  ] 


Mtroet   RMil<way  «loaranl.  (Now  York.) 

i906  313  :  625  .62  (.43) 

Street  Railway  Journal,  No.  22,  June  2,  p.  844. 

MATTERSDORF(W  ).  — Influences  determining  street 
railway  traffic  in  German  cities.  (2,400  words  &  fig.) 

621  .332 


1906 


Street  Railway  Journal,  No.  23,  June  9,  p.  896. 

SMITH  (W.  N.).  —  The  power  transmission  line  and 
Ihird-rail  system  of  the  Long  Island  Railroad.  (0,500 
words  &  fig  ) 


1906  656 .256.3 

Street  Railway  Journal,  No.  23,  June  9,  p.  90S. 

Block-signal  system  of  the  New  York  Central  electric 
zone.  (2,700  words  k  fig.) 

1^96  625 .232 

Slreet  Railway  Journal,  No.  24.  June  16,  p.  951. 

Buffet  and  limited  service  instituted  between  Indiana- 
|)oiis  and  Ft.  Wayne  by  the  Ft.  Wayne  ^  Wabash  Valley 
ii-action  Company.  (600  words  <&  fig.) 

1906  621 .337 

^ireet  Railway  Journal,  No.  24,  June  16,  p.  953. 

A  new  automatic  counting  block  signal.  (900  words 
^  fig.)  

Xfttmwtty   dt   Railway   ITVorid.   ^London. 

*9^6  '  621  .335 

Tramway  ^&  Railway  World,  June,  p.  541. 

A  petrol-electric  rail  motor  car.  (700  words,  1  table 
<&  fie.) 


In    Italian. 


Insesnerlfli  ferrovlttfltt.  (Roma. 
1906  385.  (06.4 

Ingegneria  ferroviaria,  n®  10,  16  maggio,  p.  1.50. 

La  Mostra  delle  ferrovie  dello  Stato.  (2,000  parole 

&  fi^-)  

1906  621  .132.8 

Ingegneria  ferroviarin,  n<»  10, 16  maggio,  p.  1.54. 

Vellure  automotrici  a  vapore  in  esperimento  sulle 
linee  Venete.  (2,200  parole  &  fig.) 

1906  621  .138 

Ingegneria  ferroviaria,  n®  11,  l**  giugno,  p.  170. 

LIJZZATTO  (V.).  —  Impianti  americani  pel  ricambio 
degli  assi  montati  delle  locomotive  (1,800  parole  &  fig.) 

1906  625 .253 

Ingegneria  ferroviaria,  n©  12,  16  giugno,  p.  183. 

MELE  (V.j.  —  Sul  freno  Westinghouse  ad  azione 
rapida.  (2,700  parole,  1  tavole  &  fig.) 


RivlatM     |$ener»le     delle     feffovle 
e    del    Ittvori    pubbllcl.    (Firoiue.) 

1906  625 .143.4 

Rivista  generale  delle  ferrovie,  no  25,  17  giugno,  p.  389. 

Nuovo  tipo  di  compresse  con  ferma-dadi  per  giunzioni 
di  rotaie.  (400  parole  &  fig.) 


In  Spanish. 


RevUta    de    obraa    pobUoaa.    (Madrid.) 

1906  621  .33  (.46) 

Revista  de  obras  pdblicas,  n^  1603,  14  de  juuio,  p.  291. 

PLAYA  (J.).  —  Sustitucion  de  la  traccion  de  vapor 
por  la  electrica  en  el  ferrocarril  de  Sarria  a  Barcelona. 
(3,300  palabras  &  fig.) 


In    Dutch. 


385.  (06.119 


Insealem*.  ('•  aravoahafo.) 
1906 

Ingenieur,'nf  23,  9  Juni,  p.  413. 

DUFOUR  (L.  H.  N.).  —  Mededeelingen  omtrent  het 
verhandelde  op  het  spoorweg-congres  te  Washington. 
(17,000  woorden  &  fig.) 
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I.  —  BIBILiIOOR^PlI^r    OF    BOOKSI 

(Angust,  1906.) 


In  Frencb. 


1905  62.  (01 
CLAISE    (Beojamin),    ingdnieur,    et   DUBOIS    (Armand), 

geom^tre. 

Court  thioriqae  et  pratique  de  r^sittanee  det  mat^riaox  k 
ruBigo  det  ing^nienrt,  aroMteetet,  conttractenrt,  etc. 

Bruxelies,  imprimerie  J.  Dubois  d  O*.  Id-8<*,  199  pages, 
figures.  (Prix  :  5  francs.) 

1906  62.  (03 
GRAFFIGNY  (Henry  ns),  ing^oieur  civil. 

Diotiosiiaire  det  termet  teohniquet  employee  dani  let 
ideiicet  et  dant  rindattrie.  Recueil  de  25,000  mots  t<)ch- 
niques  avec  leurs  differentes  significations. 

Paris,  Danod  A  Pinat.  In-8o,  840  pages.  (Prix  :  12  fr.  50  c.) 


1906  666  .23  (.44) 

MfNIEUX  (E.  DB). 

Tarift  oompar^t  det  ehemint  de  fer  fran^ait. 

Paris,  imprimerie  et  librairie  Bernard.  In-4<',  129  pages. 
(Prix  :  25  francs.) 


1906  625  .61  (08  (.493) 

SOCl£T£  NATIONALE  D£8  CHEMINS  DE  FER  VICI- 

NAUX. 

Rapport  pr^Hont^  par  le  oonteil  d'adminittratioii.  21«exer- 
cice  social,  1905. 

Bruxelles,  imprimerie  J.  B.  Schaumans.  In-4o,  141  pages, 
diagramme  et  carte. 


621  .14 


1906 
LE  GRAND. 

Let  omnibat  automobilet.  Conseils  pratiques  sur  I'orga- 
nisation  des  transports  publics. 

Paris,  librairie  Bernard  Tignol.  In-8»,  16  figures.  (Prix  : 
1  fr.  50  c.) 

1906  385  .581 

MAURICE  (A.),  docteur  en  droit. 

La  r^lemeiitation  de  la  dnr^e  da  travail  det  employee  de 
ihemint  de  fer.  (Th^se.) 

Laval,  imprimerie  Bamtoud  d  O^ ;  Paris,  librairie  Giard 
&  Briire.  In-8»,  152  pages. 


In    German. 


1906  625 .616 

LATRIZ  (Otfried),  Oberstleutnant  Z.  D. 

Der  meehanitohe  Zag  mitteltt  Dampf-Strattenlokomotiye. 
Seine  Verwendbarkeit  fQr  die  Armee  im  Kriege  und  im 
Frieden. 

Berlin,  Ernst  Siegfried  Mittler  &  Sohn.  29  Abbildungen  und 
6  Tafeln. 


(1)  The  numbers  placed  over  the  titte  of  each  book  are  those  of  the  decimal  classification  proposed  by  the  Railway  Congress  oonJoinUy 
*ith  Uie  Ofllce  Bibliograpbiqne  International,  of  Bmaaels.  (See  **  Bibliographical  Decimal  Claanflcation  as  applied  to  Railway  Science, "  by 
U  WnasKTBRucB.  in  the  number  for  November,  1807,  of  the  Bulletin  of  the  IfUemational  Sailwav  Con^rMf,  p.  1500.) 

N.  B.  —  The  Monthly  Bibliography  is  printed  on  one  side  only  so  that  it  may  be  out 
up  into  slips  and  pasted  on  labels  for  catalognes  and  indexes. 
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Digitized  by 


Google 


Digitized  by 


Google 
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In  English. 


906  385.  (08  (.54)  &  313  .385  (.54) 

Administr&tioii  Report  on  the  Railways  in  India  for  the 

alendar  ye&r  1905. 
Simla,  Printed  at  the  Qovernment  Central  Printing  Office. 

>4^,  235  pages  with  a  map.  (Price  :  2  rupees.) 


906  385  .3  d  656  .235 

DEPARTBIENT  OF  JUSTICE  OF  THE  UNITED  STATES. 

Departure  from  published  rates  by  the  Atchison,  Topeka 
( Santa  Fe  Railway  Company,  etc.;  letter  from  the  attorney- 
encral,  transmitting  copies  of  the  correspondence  between 
be  president  and  the  attorney-general  and  othei^s;  with 
opy  of  the  opinion  of  judge  Phillips  in  the  contempt 
iroceedings  begun  on  account  of  said  departure. 

Washington,  D.  C,  U.  S.  Office  of  the  fcuperintendent  of 
iocuments.  S^o,  224  pages. 


[906  656  .212 

DR0E6E  (J.  A.),  division  superintendent.  New  York,  New 

laven  &  Hartford  Railway. 
Yards  and  terminals  and  their  operation. 
New  York,   the  Railroad  Gazette.  Cloth  (6X9  inches), 

!85  pages,  31  figures.  (Price  :  $2*50.) 


625.114 


1906 

HUDSON  (J   Rogers). 

Tables  for  oalenlating  the  cnbic  contents  of  excavations 
ind  embankments. 

New  York,  J.  Wiley  A  Sons.  Fourth  edition,  8vo,  cl., 
133  pages,  diagrams.  (Price  :  $1.) 


62.  (02 


1906 

KINEALT  (J.  H.). 

Mechanical  draft  :  a  practical  handbook  for  engineers  and 
draftsmen. 

New  York.  Spon  &  Chamberlain.  CI.  IG""",  14+142  pages, 
vith  27  original  tables  and  13  half-tone  pis.  (Price  :  $2.) 


385  .51 


1906 

MILES  (J.  E.). 

The  railroads,  their  employes  and  the  public  :  a  discourse 
npon  the  rights,  duties  and  obligations  of  each  toward 
the  other. 

Plymouth,  Mass.,  Memorial  Press.  8vo,  cl.,  199  pages. 
(Price  :|1.) 


1906  621  .132.8 

NORMS  (W.). 

Modern  steam  road  wagons. 

New  York,  Longmans,  Green  &  Co.  0.  cl.,  14  -{-  174  pages, 
il.  (Price  :  $2*25.) 

1906  385.  (02 

Poor's  railroad  manual,  appendix  and  diary;  containing 

Poor's  ready  reference  bond  list,  dividends  paid,  annual 

meetings,  etc. 
Special  edition  of  February,  1906. 


1906  X  313  :  656 .28  (.42) 

Railway  accidents.     Returns  and  reports  of  inspectors 
on  accidents  reported  to  the  Board  of  Trade  during  October 
to  December  1905.     Part.  2.     Reports  on  accidents. 
London,  King  d  Son.  (Price  :  is.) 


1906  621  .33  (06.4  (.73) 

Report  of  the  Electric  Railway  Test  Commission  to  the 

President  (Hon.  D.  R.  Francis)  of  the  Looisiana  Parchase 

Exposition. 

New  York,  McGraw  Publishing  Co.  Cl.,  14  +  621  pages,  il. 

pors.  diagrams.  (Price  :  $6.) 


385  .3  <&  656 .235 
STATES   INTERSTATE  COMBIERGE   COM- 


1905 

UNITED 
MISSION. 

Letter  from  the  chairman  of  the  Interstate  Commerce 
Commission,  transmitting  record,  testimony,  and  opinion 
of  the  Commission  in  the  Matter  of  alleged  onlawfal  rates 
and  practices  in  the  transportation  of  coal  and  mine  supplies 
by  the  Atchison,  Topeka  &  Santa  Fe  Railroad  Company. 

Washington,  D.  C,  U.  S.  Office  of  the  superintendent  of 
documents.  8vo,  183  pages,  6  fold.  tab. 


313  .385  (.73) 


1905 

WOODWARD  (James  T.). 

A  statistical  analysis  of  the  operations  of  the  Pennsylvania 
Railroad  Company,  years  ending  December  31,  1899-1904, 
inclusive. 

New  York,  0.  C.  Lewis  &  Co,  Cl.,  8-57  pages.  (Price  :  §1.) 


In    Italian. 


625  .13 


1906 

BIADE60  (G.  B.),  Ingegnere. 

I  grandi  trafori  Alpini  Frejas,  San  Oottardo,  Sempione  ed 
altre  gallerie. 

Milano,  Hoepli.  In  due  volumi  con  atlante  di  30  tavole. 
(Prezzo  ;  45  lire.) 


Digitized  by 


Google 


Digitized  by 


Google 


016.385.(05] 


(Jnly,  1906.) 


4* 


In  French. 


AnnaleA    «le«    ponta    et    cliatiaaiSe*.   (Paris.) 

906  .   624  .5  &  624  .6 

Dales  des  ponts  ei  chauss^,  !•'  Irimestre,  p.  26. 

^EBERT  (E.).  —  Ponts  suspendus  et  ponts  en  arc. 
)00  mote  &  fig.) 

1906  624.  (01 

oaies  des  ponts  et  chauss^es,  i^  trimestre,  p.  198. 

5ARAU.  —  Note  sur  les  r6sultats  des  epreuves  des 
»1iers  metalliques  de  la  ligne  de  Quillan  k  Rivesaltes. 
600  mots,  tableaux  &  Ag.) 

1906  721  .4  (01 

Dales  des  ponts  et  chauss^,  l**"  trimestre,  p.  247. 

DAVIDESCO.  —  Examen  critique  des  formules  em- 
>y6es  pour  determiner  I'^paisseur  k  la  clef  des  yoiUes 
roaronoerie.  Formule  nouvelle.  (1,200  mots  &  ^g.) 


1906  313  .385  (.52) 

Biles  des  poots  et  chausste,  mai,  p.  471. 

l^esullats  de  Texploitation  des  chemins  de  fer  japo- 

is  pendant  les  exercices  1902-1903  et  1901-1902. 
tableaux.) 

i06  313  .385  (.54) 

laleades  ponts  et  chausste,  mai,  p.  475. 

tesullats  genernux  de  Texploilation  des  chemins  de 
de  rinde  anglaise  pendant  les  anndes  1904  et  1903. 
fcbleaux.) 


613 


BnllegJn   annot^   dea   chemlna  do  Ter 
en  explolteitlon.  ;Parlt.} 

in  annoti  des  chemins  de  fer,  mai-juin,  p.  36. 
giene,  proprete,  desinfection,  voitures  k  voyageurs, 
lations  des  gares,  locaux.  Circulaire  minisUSrielle  du 
rs  1906.  (1,300  mots.) 


Bialletln    du    Congi'^    International 
de«    eliemlna    de    fer*   (•msHM.j 

H  313 .385 

itin  du  Congr^  des  chemins  de  fer,  n^  7,  juillet,  p.  665. 

>ODCHILD   (A.    A.).  —   La   slatistique   dans   les 
ains  de  fer.  (5,400  mots  &  2  tableaux.) 


1906  621 .133.3 

Bulletin  du  Gongrto  des  chemins  de  fer,  n^  7,  juillet,  p.  677. 

BUSSE  (0.).  —  Note  sur  I'etanchdit^  des  cadres  de 
foyers.  (900  mote.) 


1906  625 .143.5 

Bulletin  du  Congrds  des  chemins  de  fer,  no  7,  juillet,  p.  680. 

X"*.  —  Note  sur  la  consolidation  des  attaches  de  rails 
au  mojen  des  garnitures  m^talliques,  syst^me  J.  Thiollier. 
(2,900  mote,  6  tableaux  &  fig.) 


1906  385  .63.  (04 

Bulletin  du  Congrds  des  chemins  de  fer,  n^  7,  juillet,  p.  691. 

La  deuxi^me  conference  de  revision  relative  k  la 
convention  Internationale  sur  le  transport  de  mar* 
chandises  par  chemins  de  fer.  (8,000  mote.) 

1906  621  .137.3 

Bulletin  du  Gongrds  dee  chemins  de  fer,  n^  7,  juillet,  p.  70.5. 

£quipe  double  et  multiple  (question  VI,  7"  session). 
Discussion.  (18,400  mote.) 


1906  625 .216 

Bulletin  du  Gongrte  des  chemins  de  fer,  n®  7,  juillet,  p.  743. 

Attelages  automaliques  (question  VII,  7«  session). 
Discussion.  (25,200  mots  &  fig.) 

1906  625  .216 

Bulletin  du  Gongr^s  des  chemins  de  fer,  n®  7,  juillet,  p.  795. 

PETTIGREW  (W.  F.).  —  Attelages  automatiques 
(question  VIl,  7«  session).  Supplement  k  Toxpos^  n®  1 
(Angleterre).  Annexe  k  la  discussion.  (1,300  mots  &  fig  ) 


1906  625 .216 

Bulletin  du  Gongrto  dee  chemins  de  fer,  n^  7,  juillet,  p.  803. 

Attelages  automatiques  (question  VII,  7**  session).  Note 
sur  I'appareil  d'attelage  automatique  syst^mc  Hoirault. 
Annexe  k  la  discussion.  (1,400  mote  &  fig.) 


1906  656 .212.8 

Bulletin  du  Gongrds  des  chemins  de  fer,  n®  7,  juillet,  p.  810. 

Pont  si  bascule  servant  a  determiner  les  pressions  des 

diffferentes  roues  des  hioomotive^  et  v6hicules  do  ohomins 
de  fer,  avec  appareil  de  levage  commun,  syst^inie  ZeidhiP. 
(750  mote  &  fig.) 
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1906  62.  (01  &  625  .1  (01 

Balletin  du  Congrds  des  chemins  de  fer,  n^  7Juillet,  p.  814. 

Voie  exp^rimentale  pour  essais  de  mater iaux  de  super- 
structure et  de  ballaslage.  (250  moti  &  fig.) 


1906  625  .216 (.42) 

Bulletin  du  Gongrds  des  chemins  de  fer,  no  7,  juillet,  p.  815. 

Les    accouplements    automatiques    en    Angleterre. 
(450  mots.) 

1906  385 .517.1 

Bulletin  du  Gongrte  des  chemins  de  fer,  no  7,  juillet,  p.  815. 

R^rganisation  de  la  caisse  de  retraite  des  agents  du 
«  Lancashire  &  Yorkshire  Railway  >».  (400  mots.) 


1906  016  .385.  (02 

Bulletin  du  Congr^  dee  chemins  de  fer,  no  7,  juillet,  p.  65. 

Bibliographie  mensuelle  des  chemins  de  fer.  —  Livres. 
(26  fiches.) 

1906  016  .385.  (05 

Bulletin  du  Gongris  des  chemins  de  fer,  no  7,  juillet,  p.  68. 

Bibliographie  mensuelle  des  chemins  de  fer.  —  Perio- 
diques.  (173  fiches.) 


Rulletln  de  la  Aocldte  d'eiiooar«c(®ineiit 
•pour  I'Industrie  natlonale.  (Parlt.) 

1906  625 .216 

Bull,  de  la  Soc.  d*encourag.  pour  Tind.  nat.,  no  6,  juin,  p.  621. 

ROZE  (C.;.  —  Rapport  pr6sent6  au  nom  du  comity  des 
arts  m6caniques  sur  un  appareil  d'attelage  automatique 
des  wagons  de  M.  Boirault.  (3,600  mots  &  A^.) 


1906  621.132.3 

Bull,  de  la  Soc.  d'encourag.  pour  Tind.  nat.  no  6,  juin,  p.  688. 

Locomotives  avec  distribution  a  soupapes,  (500  mots 
<Scfig.) 


1906  669 

Bull,  de  la  Soc.  d'encourag.  pour  I'ind.  nat.  no  2,  juillet,  p.  87. 

GUILLET  (L.).  —  Recherches  r6centes  faites  sur  les 
alliages  industriels.  Leur  importance.  (6,500  mots, 
2  tableaux  &  fig.) 

1906  669 

Bull,  de  la  Soc.  d'encourag.  pour  I'ind.  nat.,  no  2,  juillet,  p.  159. 

GUILLET  (L.).  —  Etude  g6n6rale  des  laitons  speciaux. 
(7,500  mots,  tableaux  &  fig.) 


1906  62.  (01 

Bull,  de  la  Soc.  d'encourag.  pour  I'ind.  nat.,  no  2,  juillet,  p.  205. 

FREMONT  (Oh.).  —  Resistance  au  cisaillement  des 
aciers  de  construction.  (2,500  mots  &  fig.) 


1906  669 

Bull,  de  la  Soc.  d'encourag.  pour  I'ind.  nat.,  no2,  juillet,  p. 213. 

DESL ANDES.  —  Action   chimique  du   four  Martin 
acide.  (1,800  mots  &  fig.) 


1906  62.  (01 

Bull,  de  la  Soc.  d'encourag.  pour  I'ind.  nat.,  no  2,  juillet,  p.  223. 

GUILLERY.  —  Mesure  de  la  limite  diastique  des 
metaux.  (1 ,300  mots  &  fig.) 


Bulletin    de    le    Socl^t^   des    liifv^Siileiftr*    civil* 
de    Franee*    (Parte.) 

1906  625 .3 

Bulletin  de  la  Soc.  des  ing.  ciT.  de  France,  no  3,  mars,  p.  507. 

LEVY-LAMBERT  (A.).  —  Les  chemins  de  fer  k  cre- 
maillere.  (14,000  mots,  2  tableaux  &  Ag.) 


Bulletin  de«    transports    interantionniix 
p«r  oliemlna  de  fer.  (B«ni«.) 

1906  625  .1  (.436) 

Bulletin  des  transports  intern,  par  ch.  de  fer,  no  6,  juillet,  p.  234. 

DRAGONI  (L.).  —  Les  nouveaux  chemins  de  fer  des 
Alpes  autrichiennes  et  leur  r6le  dans  le  trafic  inter- 
national. (3.000  mots.) 


G^nle  civil.  (Parts.) 

1906  625  .241 

GWnie  civil,  no  1252,  9  juin,  p.  87. 

Wagons  plates-formes  am6ricains  pour  le  transport  des 
lourdes  charges.  (1 ,200  mots  &  ^g.) 

1906  656  .222.5 

OAnie  civil,  no  1253,  16  juin,  p.  106. 

Moyens  de  r6duire  les  intervalles  enlre  les  trains  sur 
les  lignes  k  circulation  intense.  (1,700  mots  et  fig.) 

1906  625 .13 

Qhnie  civil,  no  1254,  23  juin,  p.  113. 
—         n«»  12.55,  30    —    p.  135. 
LEMAIRE  (E.).—  Le  tunnel  du  Simplon.  (9,500  mots. 
3  tableaux  &  fig.) 

1906  621  .116  &  621  .133.3 

06nie  civil,  no  1257,  14  juillet,  p.  164. 

DANTIN  (Ch.).  —  Chaiidiere  industriclle  k  6l6ments 
amovibles,  syst^me  Ch.  Bourdon.  (2,600  mots  &  fig. 
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4^06  S21  .132.8 

Otoie  civil,  n®  1257,  14  juillet,  p.  167. 

HERZOG  (S.).  —  Automotrice  a  essence  de  petrole 
pour  voie  ferr^e  normale.  (1,000  mots  &  ^g.) 

4^06  656.227 

0*nie  ciTil,  n©  1257,  14  juillet.  p.  168. 

TABARIES  DE  GRANDSAIGNES.  —  Le  transport 
des  matieres  dangereuses  au  congr^  de  chimie  de  Rome. 
(4,000  mots.) 


aoiuntal    de«    transports.    (Parlt.) 

4»06  385  .113  (.44) 

I  Journal  des  transports,  n*  26,  30  juin,  p.  301. 

I    Les  r6sultats  de  1905.  —  Le  Melropolitain  de  Pans. 
(2,000  mots  &  3  tableaux.) 

^^^  385  .113  (.44) 

Journal  des  transports,  n*  28,  14  juillet,  p.  325. 

Les  r6sulUts  de  1905.  —  Reseau  de  TEst.  (1,500  mots 
&  1  tableau.) 


Revue  ^eonomlque  Intemetlonele.  (BraitllM.) 

1906  385 .22 

Kevue^conomique  internationale,  n«  3.  juin,  p.  447. 

HERSENT  (G.).  —  Les  grandes  routes  mondial«s. 
(8,000  mots.) 


4906  385 .1 

Revue  ^conomique  internationale,  n«  1,  juillet,  p.  218. 

BELLET  (D.).  —  Chronique  des  transports.  (5,000 
mots.) 


r^r 


625.2 


I  Revue  ff^n^rale  de«  ebemlna  de 

et  de*  tramways*  (f  arte.) 

1906 

ftevue  gin^rale  des  chemins  de  fer,  no  6,  juin,  p.  489. 

ASSELIN  &  COLLIN  (G.).  —  Notes  de  voyage  en  Am6- 
rique.  —  Materiel  roulant.   f 1 0,000  mots,  3  tableaux 


me  625.12 

Revue  g^n^rale  des  chemins  de  fer,  n*  6,  juin,  p.  529. 

BEYNET.  —  Note  sur  les  injections  de  ciment  prati- 
luees  dans  le  souterrain  de  Limonest  (Rh6ne),  sur  la  ligne 
ie  Lozanne  k  Givors.  (1,700  mote,  2  tableaux  &  fig.) 

*^«  313  .385  (.494) 

Revue  ginirale  dee  chemins  de  fer,  n»  6,  juin,  p.  540. 

Statistique  des  chemins  de  fer  suisses  pour  I'ann^e 
1903.  (1,100  mots  &  9  tableaux.) 


1906  656 .257 

Revue  g^n^rale  des  chemins  de  fer,  n»  6,  juin,  p.  548. 

Materiel  de  voies,  et  signaux  pour  chemins  de  fer  et 
tramways  exposes  a  Li6ge  en  1905.  Tableau  repetiteur 
d'aiguilles,  syst^me  Dumont  et  Baigndres.  (1,200  mots 
&fig.) 


1906  625 .251 

Revue  g^n^rale  des  chemins  de  fer,  n®  6,  juin,  p.  553. 

Appareil  Kaptein  pour  T^tude  des  freins  continus. 
(2,500  mots  &  fig.) 


1906  621 . 

Revue  g6n6rale  des  chemins  de  fer,  n®  6,  juin,  p.  560. 
Appareil  a  descendre  les  roues.  (700  mote  &  fig. 


138.5 


1906  621 .135.5 

Revue  g^n^rale  des  chemins  de  fer,  n»  6,  juin,  p.  562. 

Disposition  auxiliaire  pour  actionner,  au  moyen  de  la 
vapeur,  le  frein  des  roues  motrices  des  locomotives. 
(200  mote  Sc  fig.) 

1906  621 .133.1 

Revue  g^^rale  des  chemins  de  fer,  n«  6,  juin,  p.  562. 

Chargeur  mecanique  am6ricain.  (800  mots  &  fig.) 


1906  621  .7  (.73) 

Revue  gAnerale  dee  chemins  de  fer,  n«  1,  juillet,  p.  3. 

,     ASSELIN  &  COLLIN  (Georges).  —  Notes  de  voyage  en 
Amdrique.  —  Ateliers.  (10,700  mote,  3  tableaux  &  fig.) 


1906  625 .232 

Revue  gin^rale  des  chemins  de  fer,  n^  1,  juillet,  p.  35. 

LEMERCIER(Ch.).—  Voilure  de  Tassistance  publique 
pour  le  transport  d'enfante  aux  sanatoria  de  Berck  et 
d'Hendaye.  (2,600  mots  &  fig.) 

1906  313  :  656  .28  (.42) 

Revue  g^n^rale  des  chemins  de  fer,  n«  1,  juillet,  p.  45. 

R6sum6  du  rapport  general  du  «  Board  of  Trade  »  sur 
les  accidents  survenus  en  4904  sur  les  chemins  de  fer 
du  Royaume-Uni.  (1,800  mots&  tableaux.) 


1906  385.  (09.2 

Revue  g^n^rale  des  chemins  de  fer,  no  1,  juillet,  p.  55. 

Necrologie.  —  M.  Blag6.  (850  mote.) 


1906  385  .113  (.44  +  .42  +  .43) 

Revue  g^n^rale  des  chemins  de  fer,  n®  1,  juillet,  p.  57. 

Revue  des  questions  de  transporte.  —  Les  r^sultats  de 
Texploitation  en  1904 :  France,  Angleterre  et  Allemagne. 
(5,200  mote  &  2  tableaux.) 
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1906  621  .33 

Revue  gin^rale  des  chemins  de  fer,  no  1,  juillet,  p.  66. 

Systeme  Farnham  dc  traction  ^lectrique  par  troisieme 
rail  renverse.  (400  mots  &  fig.) 

1906  621 .133.3 

Refue  g^n^rale  des  chemins  de  fer,  no  1,  juillel,  p.  68. 

T61es  en  acier  au  nickel  pour  chaudieres.  (850  mots 
&  2  tableaux.) 

1906  621  .133.2 

Revue  gin^rale  des  chemins  de  fer,  n©  1,  juillet,  p.  70. 

Plaques  de  foyer  en  cuivre  arsenical.  (500  mots.) 


Revue    de    m^oenlciiae.   (Parte.) 

1906 

Revue  de  m^canique,  no  6,  juin,  p.  568. 

Les  machines  a  calculer.  (8,000  mots  &  hg.) 


51.  (08 


Revue  pollUqne  et  perlementailre*  (Parte.) 

1906  625 .13 

Revue  politique  et  parlementaire,  no  145,  juillet,  p.  5. 

SARTIAUX  (A.).   —    Le   tunnel    sous    la  Manche. 
(18,000  mots ) 


In   German. 


Ajinelen  rAr  «e^verbe  nod  B««i<«veMeii*  (Bartla.) 

1906  656 .221 

Aanalen  fur  Gewerbe  und  Bauw.,  N'  696, 15.  Juni.  p.  223. 

DENNINGHOFF.   —  Ueber  di  Zugwiderstande  der 
Eisenbahnfahrzeuge.  (6,400  W^Jrter  &  Fig.) 


1906  656 .259 

Annalen  fur  Gewerbe  und  Bauw.,  N'  697, 1.  Jul i,  p.  1. 

LUX   (F.).  —   Der  Frahmsche   Frequenz-   und   Gc- 
scbwindigkeitsmesser.  (4,800  W5rter  &  Fig.) 

1906  625 .143.4 

Annalen  fur  Gewerbe  und  Bauw.,  N'  697, 1.  Juli,  p.  17. 

Schienenstubl  Patent  Urbanitzky.  (200  W6rter  &  Fig.) 


1906  625 .4 

Annalen  fiir  Gewerbe  und  Bauw.,  N'  698,  15.  Juli,  p.  21. 

MULLER(W.-A.).  —  Die  Loschwitzer  Berg-Schwehc- 
bahn.  (3,200  Wfirter,  Tabellen  &  Fig.) 


Areblv  fttr  Blsenbeliiivveaeii.  (Berlhi.) 

1906  385  .1  (.47) 

Archly  fUr  Eisenbahnwesen,  Heft  4,  Juli-August,  p.  705. 

MATTHESIUS  (0.).  —  Russischc  Eisenbahnpolitik 
(1881  bis  1903).  (12,000  WOrter  &  1  Tabelle.) 


1906  385  .1  (.431) 

Archiv  fur  Eisenbahnwesen,  Heft  4,  Juli-August,  p.  740. 

SCHREMMER.  —  Der  Etat  der  preussisch-hessischen 
Eisenbahnverwaltung  fOr  das  Etatsjahr  1906.  (1,000 
WOrter  &  Tabellen.) 


1906  385 .517 

Archiy  fiir  Eisenbahnwesen,  Heft  4,  Juli-August,  p.  754. 

Wohlfabrtseinrichtungen  der  koniglich  wurttember- 
gischen  Verkebrsanstalten.  (2,200  Wfirter  &  1  Ta- 
belle.) 


1906  385  .113  (.489) 

Archiv  fur  Eisenbahnwesen,  Heft  4,  Juli-August,  p.  762. 

Die  Eisenbabnen  in  Danemark  im  Betriebsjabre 
1904-1905.  (600  W6rter  &  Tabellen.) 


1906  313  .385  (.460) 

Archiv  fUr  Eisenbahnwesen,  Heft  4,  Juli-August,  p.  778. 
Die  Eisenbabnen  in  Spanien.  (Tabellen.) 


1906  313  .385  (.497.2) 

Archiv  fUr  Eisenbahnwesen,  Heft  4,  Juli-August,  p.  797. 

Die  bulgarischen  Staatsbahnen  im  Jahre  1904. 
(700  W6rter  &  1  Tabelle.) 


1906  313.385  .71) 

Archiv  fur  Eisenbahnwesen,  Heft  4,  Juli-August,  p.  803. 

Die  Eisenbahnen  Canadas  in  den  Jahren  1902-1903 
und  1903-1904.  (Tabellen.) 


Beton  and  Blaen.  (B«rttR.) 

1906 

Beton  und  Eisen,  Heft  VII,  p.  172. 
Die  Betoneisen-Schwellen.  f400  WOrter&Fig.) 


625 .142.4 


1906  624.2(01  &  721.9(01 

Beton  und  Eisen,  Heft  VII,  p.  175. 

KAUFMANN  (G.).  —  Kontinuierliche  Balken  und  sta- 
tisch  unbestimmte  Systeme  im  Eisenbetonbau  (1,200  W5r- 
ter,  1  Tabelle  &  Fig.) 
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Blektrlache  Bahnen  und  Betrlebe. 
Zeltaclirlft  fttr  Verkehrs-  and  Xranaportinre»eii* 

(MtoekM.) 
1906  621 .336 

Elektrische  Babnen  und  Betriebe,  HeA  19,  4.  Juli,  p.  356. 

Wechselstrombahn  der  Mailftnder  Ausstellung.  (1,800 
WOrt^r  &  Fig.) 

1906  621  .33 

Elektrische  Bahnen  und  Betriebe,  Hefl  21,  24.  Juli,  p.  389. 

HERZOO  (S.).  —  Der  elektrische  Betrieb  im  Simplon- 
lunnel.  (2,000  WOrter  &  Fig.) 


OBsterrelelilaehe    KIsenbahn-Zelttinff*  (WIm.) 

1906  656 .235 

(Bsterreichische  Bisenbabn-ZeitttDg,  N'  19,  15.  Juni,  p.  169. 

Die  Fortentwickclung  des  vereinfacbten  Abfertigiing- 
verfabrens.  (1,400  W6rter.) 


Or^an  fttr  die   Fort«clirltte  de«  Blseiibahn- 
^9ve«ena  In  teelinlaelier  Beslelitinis*  (W 


1906  625.143.3 

Organ  fur  die  Fortschritte  des  Eisenbabnw.,  Heft  6,  p.  109. 

LUBIMOFF  (L.  von).  —  Zur  Frage  der  Abnulzung  der 
Eisenbahnschienen.  (2.300  W6rter,  5  Tabellen  &  Fig.) 


1906  624 .8 

Organ  fur  die  Fortschrifcke  des  Eisenbabnw.,  Heft  6,  p.  117. 

.TOOSTING  (P.).  —  Eine  ncue  Einricbtung  fUr  ungleicb- 
armige  Drehbriicken.  (900  WOrter  &  Fig.) 


1906  625 .216 

Organ ftir die  Fortscbritte  des  Eisenbabnw.,  Heft  6,  p.  118. 

HAHNE.  —  Neue  Zug-  und  Stoss-Yorrichtung  fur 
Lokomotiven  mit  einstellbarer  hinterer  Laufachse.  (350 
Worter  &  Fig  ) 

1906  656.212.8 

Organ iur die  Fortechritte  des  Eisenbabnw.,  Heft  6,  p.  119. 

ZLMMERMANN  (F.).  —  Ladelehre  fur  nach  Italien 
ubergehende  Eisenhabnwageii.  (700  WOrter&Fig.) 


1906  625 .233 

Organ  furdieFortschritte  des  Eisenbabnw.,  Heft  6,  p.  124. 

I    Elektrische  ZugbeleuchtuDg,  Bauart  Leitner- Lucas. 
(1.100  WOrter&  Fig.) 

!   1906  621  .33 

jOrgan  fur  die  Fortechritte  des  Eisenbabnw.,  Heft  6,  p.  125. 
!    Die  Chamonixbahn.  (3,000  WOrtor  &  Fig.) 


Acli^welxerlselie  BniiseiUine*  (ZIrleli.} 

1906  621 .132.8 

Schweizeriscbe  Bauieitang.  N'  24,  16.  Juni,  p.  285. 

Neue   Lokomotiven  der  Brunigbabn  fQr  gemiscbten 
Betrieb.  (1,000  W6rter  &  Fig.) 


1906  625 .13 

Schweiseriscbe  Bauieitang,  N'  24.  16.  Juni,  p.  290. 

Einspurige  und  zweispurige  Alpentunnel.  (900  WOrter. 
1  Tabelle  &  Fig.) 


1906         ^  625 .13 

Schweiseriscbe  Bauzeitung,  N'  26,  30.  Juni,  p.  309. 

PRESSEL  (K.).  —  Die  Bauarbeiten  am  Simplontunnel. 
(1,200  WOrter&  Fig.) 


1906  656 .221 

Scbweizeriscbe  Bauzeitung,  N*"  4,  28.  Juli.  p.  39. 

,  STIX  (0.).  —  Studio  iiber  den  Luftwiderstand  von 
Eisenbahnzugen  in  TunnelrObren.  (1,500  WOrter 
&  Fig.) 

1906  656 .257 

Schweizerische  Bauzeitung,  N'  4,  28.  Juli,  p.  41. 

KOHLFURST  (L.).  —  Elektromotorisches  Handslell- 
werk  fur  Weichen  und  Signale.  (1,600  WOrter  &  Fig.) 


aEelfaehrirt  fttr  Arebltektur  und    IngenieMr* 
^wesen*  (WlMtatfcn.) 

1906  624  .2  (01 

Zeitscbrift  fiir  Arcbitektur  und  Ingenieurw.,  Heft  4,  p.  294. 

FRANCKE  (A.).  —  Der  Parabeltrager  mit  elastiscb 
eingespannten  Kftmpfem.  (1,200  WOrter  &  Fig.) 

1906  721  .9  (01 

Zeitscbrift  f&r  Arcbitektur  und  Ingenieurw.,  Heft  4,  p.  30i. 

PILGRIM  (H.).  —  Berecbnung  der  Betoneisen-Kon- 
slruktionen.  (5,500  WOrter  &  Fig.) 


Zeitaobrirt    fttr    Kleinbabnen.    (Btrlta 


625  .61 


1906  313 

Zeitscbrift  fur  Kleinbahnen,  Heft  7,  Juli,  p.  407. 

ZEZULA  (F.).  —  Statistik  der  schmalspurigen  Eisen- 
bahnen  far  das  Betriebsjabr  I903-I904.  (2,500  W5rter 
&  Tabellen.) 
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CelUMshrlft  de«  Aaterreloblaclieii  Inffenleor-  nBd 
Arohltekten-Verelnea.  (WIm.) 

1906  625 .13 

5eit.  des  ost.  Ingen.-  and  Ardiit-Ver.,  N'  25, 22.  Juni,  p. 369. 

BLODNIG  (M.  J.).  —   Die  Bauschwierigkeiten  beim 
Josrucktunnel.  (2,700  W5rter  &  Fig.) 


1906  656  .257 

(eik.  des  58t.  Ingen.-  and  Archit.-Ver.,  N'  30,  27.  Juli,  p.  431. 

HROMATKA  (F.).  —  Selbsttatiges  Universal-Stell- 
verk,  System  Alfred  Monard.  (2,000  WOrter  &  Fig.) 


Beitsclirirt  dea  Verelne*  deutAebei*  Inffenletire* 

(BmIIii.) 

1906  624 .8 

!ei(.  des  Vereines  deutscher  Ingen.,  N'  26,  30.  Juni,  p.  1009. 

VAN  LOENEN-MARTINET  (J.  J.  W.)  &  DUFOUR 
F.  C).  —  Die  Bewegungseinrichtungen  der  neuen 
Sisenbahnbrucke  tiber  den  Nordsee-Kanal  bei  Velsen. 
2,500  W5rter.  1  Tabelle  &  Fig.) 


1906  656 .212.6 

Seit.  des  Vereines  deutscher  Ingen.,  N'27,  7.  Juli,  p.  1057. 

KAMMERER.  —  Versuche  an  der  Kohlenumladean- 
age  in  Breslau.  (2,800  W5rter  &  Fig.) 


1906  624 .8 

Seit.  des  Vereines  deutscher  Ingen.,  N^  28,  14.  Juli,  p.  1089. 

BUZEMAN  (C).  —  Die  HerrenbrUcke  bei  LUbeck. 
5,500  W5rter  &  Fig.) 


Zeltanis  de«  Verein*  dentaelier 
vei-iwaltunseii*  (BmHii.) 

1906  625 .143.4 

Keitung  des  Vereins,  N'  46,  20.  Juni,  p.  737. 

Eiserne  Doppelstossschwellenalstadellose  Stossanord- 
iiung  und  beste  Verhiitung  des  Wandems  der  Schienen. 
2.300  WOrter,  1  Tabelle  &  Fig.) 


1906  385 .13 

Zeitung  des  Vereins,  N'  47,  23.  Juni,  p.  753. 

SCHULZR(W.  A.).  —  Finanzielle  Wirkung  der  Eisen- 
bahnrahrkartensteuer  im  Deutschen  Reiche  (2,400  WOr- 
ter.) 

1906  625 .13 

Zeitung  des  Vereins,  N'  48,  27.  Juni,  p.  769. 
—  NM9,30.    —    p.  785. 

VON  MUHLENFELS.—  Die  Simplonleier.  (6,500  Wor- 
ter.) 
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Zeitung  des  Vereins,  W  50,  4.  Juli,  p.  801. 

Personentarifreform  in  Wurttemberg.  (1 ,700  WOrter.) 
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Zeitung  des  Vereins.  N'  51, 7.  Juli,  p.  818. 

Fahrkartensteuer.  (3,600  W6rter.) 
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Zeitung  des  Vereins,  N'  52,  11.  Juli,  p.  833. 
—  N'  53,  14.   —    p.  849. 

CAUER  (W.).  —  Zur  Beschleuuigung  des  Guler- 
verkehrs  und  des  Wagenumlaiifs.  (7,300  WOrter.) 

1906  385.  (07.4 

Zeitung  des  Vereins,  N^  53, 14.  Juli,  p.  853. 

Das  osterreichische  Eisenbahnmuseum.  (2,700  W6r- 

ter.) 

1906  385 .517.2 

Zeitung  des  Vereins,  N'  54,  18.  Juli,  p.  865. 
—  N'55,  21.  —    p.  877. 

WEBER.  —  Die  Einheit  der  Arbeitcrversichening  fur 
diii  Staalseisenbahnverwaltung.  (2,800  W6rter  &  Ta- 
bellen.) 

Zentralblatt    der    Bauveir^valtiftiis«    (Berlin.) 

1906  721  .9 

Zentralblatt  der  Bauverwaltung,  N*"  52,  27.  Juni,  p.  327. 

LABES  (J.).  —  Wie  kann  die  Anwendung  des  Eisen- 
betons  io  der  Eisenbahnverwallung  wesentlich  gef6r- 
dert  werden?  (4,500  W6rter  &  Fig.) 


1906  721 .9 

Zentralblatt  der  Bauverwaltung,  N«  52,  27.  Juni,  p.  331. 

LABES  (J.).  —  Vorlftufige  Bestimmungen  fur  das  Eut- 
werfen  und  die  Ausfuhrung  von  Ingenieurbaulen  in 
Eisenbeton  im  Bezirke  der  Eisenbahndirektion  Berlin. 
(1,400  W6rter&  Fig.) 
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valve  gear.  (700  words  &  fig.) 


Digitized  by 


Google 


Digitized  by 


Google 


—  93  - 


Inllolln  of  the  American  Rall^vay  Bn^neerlne 
and  llaintennnoe  of  VITny  Association.  (Okloago.) 

1906  624.  (01 

Bull.  Americ.  Ry.  Kng.  <&  Maint.  of  Way  Ass.  No.  1\ ,  Jan.,  p.  4. 
Report  of  Committee  No.  XV.  —  On  iron  and  sleel 
(tnictures.  (14,000  words,  tables  &  fig.) 


1906  666.212 

iull.  Americ.  Ry.  Eng.  t^  Maint.of  WayAss.No.7J,  Jan.,  p. .59. 

Report  of  Committeo  No.  XIV.  —  On  yards  and  ler- 
ninals.  (12,000  words,  tables  Sc  fig.) 

1906  624.  (01 

Bull.  Amer.  Ry.  Kng.  <fe  Maint.  of  Way  Ass.,  No.  Il ,  Jan.,  p.  103. 

Report  of  Committee  No.  VI 1.  —  On  wooden  bridges 
ind  trestles   (4,700  words,  tables  &  fig.) 
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Bull.  Amer.  Ry.  Eng.  A  Maint.  of  Way  A.ss.,No.  72.  Feb.,  p.  4. 

Report  of  Committee  No.  III.  —  On  lies.  (7,200  words, 
1  table  &  fig.) 

1906  625  .142.2 

Ball.  Amer.  Ry.  Eng.&Mainl.ofWay  Ass.,No.72.  Feb.,p.39. 

Discussion  of  proposed  standard  method  for  analysis 
of  coal-lar  creosote  and  zinc-chloride.  (12,000  words 
&  1  table.) 


1906  656  .25  (01 

Bull.  Amer.  Ry.  Eng.  &Maint.  ofWay  Ass.,  No.  73.  March,  p.  4. 
Report  of  Committee  No.  X.  —  On   signaling   and 
Interlocking.  (7,500  words,  1  table  Si  fig.) 


1906  625  .1  (01 

Bull.Am?r.  Ry.  Enjr.&Maint.ofWayAss.,No.73,March.p..n6. 

Report  of  Committeo  No.  V.  —  On  track.  (3,500  words, 
4  tables  &  fig.)  ^ 
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Bull  Amer.  Ry.  Eng.  <&  Maint. of  Way  Ass. ,  No.73,  March,  p.72. 

Heport  of  Committee  No.  I.  —  On  roadway.  (32,000 
»'>rds,  tables  &  fig.) 
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l>ull.  Ampf.  Ry,  Kng.  &  Maint.  of  Way  Ass.,  No.  75,  May,  p.  4. 

^USHINd  (W.  C).  —  Comparative  value  of  cross-ties 
c>f  <iilTfirent  materials.  (1,000  words  &  .3  tables.) 
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Bull.  Amer.  Ry.  Eng.  A  Maint.  of  Way  Ass.,  No.  75,  May,  p.  10. 

PARKHURST  (H.  W.).  —  The  requisite  waterway  for 
failroad  culverts.  (I,3l0  words,  tables  &  fig.) 


1906  625 .144.4 

Bull.  Amer.  Ry.  Eng.  &  Moint.  of  Way  Ass.,  No.  76,  June,  p.  4. 

GUSHING  (W.  C).  -  Discussion  of  Committee  report  on 
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Bulletin  of  the  Railway  Congress,  No.  7,  July,  p.  1041. 

GADOW.  —  Wire  ropes  used  in  transmissions  for 
operating  switches  and  signals  :  trials  made  in  order  to 
determine  the  best  specification  for  such  ropes.  (5,300 
words,  tables  &  fig.) 
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Bulletin  of  the  Railway  Congress,  No.  7,  July,  p.  1055. 

Tests  of  Wcstinghouse  brakes  for  fast  trains,  made  on 
the  Bavarian  State  Railway.  (Note  communicated  by  the 
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&fig.) 
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Bulletin  of  the  Railway  Congress,  No.  7,  July,  p.  1062. 

DOYEN  (.1.).  —  Some  remarks  on  the  subject  of  the 
Munich  trials  of  fast  train  brakes.  (1,900  words.) 
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Bulletin  of  the  Railway  Congress,  No.  7,  July,  p.  1066. 

X.  —  New  armoured  pickled  wood  bedplate.  (1,400 
words  &^g.) 
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Bulletin  of  the  Railway  Congre.ss,  No.  7,  July,  p.  1071. 

Concrete  and  imbedded  metal  (question  IV,  7^^  ses- 
sion). Di.srussion.  (10,500  words.) 
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Bulletin  of  the  Railway  CongreJ«s,  No.  7,  July,  p.  1174. 

COLEMAN  (F.  C).  —  Steam  motor  vehicle  for  the 
Indian  State  Railway.  (450  words  &  fig.) 
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words  &  fig.) 
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Monthly  bibliography   of  railways.  —  Periodicals. 
173  labels.) 


Bnsliieer.  (Laeiee.) 


621 .131.3 


1906 

hgineer,  No.  2638,  July  20,  p.  53. 
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The  Salisbury  Railway  accident.  (950  words.) 
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ian  Railway.  (600  words  &  fig.) 
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1906  624 .8 

i^neering,  No.  2113,  June  29,  p.  841. 
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Engineering  News,  No.  23,  June  7,  p.  619. 

Aji  official  report  on  heat  conditions  in  the  New  York 
subway  by  chief  engineer  Qeo.  S.  Rice.  (7,000  words 
&flg.)  
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Engineering  News,  No.  24,  June  14,  p.  643. 

Transmission  and  distribution  system,  Long  Island 
R.  R.  (3,800  words  &  ^g,) 

1906  656 .256.2 

Engineering  News,  No.  24,  June  14,  p.  648. 

Block  and  interlocking  signals  in  the  electrical  zone  of 
the  New  York  Central  &  Hudson  River  R.  R.  (3.300  words 
&fig.)  
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Engineering  News,  No.  24,  June  14,  p.  653. 

Brake  beams  for  60,000, 80,000  and  100,000  lb.  freight 
cars.  (3,500  words  &  fig.) 


1906  621 .335 

Engineering  News,  No.  25,  June  21,  p.  688. 

HILD  (F.  W;).  —  The  gasoline  car  for  interurban 
service.  (6,300  words  &  ^g,} 

1906  625 .143.5 

Engineering  News,  No.  25,  June  21,  p.  694. 

Screw  spikes  and  wooden  tie-plates  for  railway  track. 
(1,500  words  &  fig.) 
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Engineering  News,  No.  25,  June  21,  p.  695. 

A  new  method  of  calculating  bridge  stresses  under 
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Recent    experience    with    compound    locomotives. 
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fingiiMering  News,  No.  26,  June  28,  p.  718. 

LUTEN  (D.  B.).  —  Empirical  formulas  for  reinforced 
arches.  (2,800  words  &  fig.) 
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Bogineering  News,  No.  3,  July  19,  p.  58. 

A  large  railway  freight  house  and  warehouse  at 
Pittsburg,  Pa.  (2,500  words  &  fig.) 
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EDgioeering  News,  No.  3,  July  19,  p.  70. 

Some  recent  bloclL  signal  systems  for  electric  railways. 
(2,500  words  &  fig.) 
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EngineeriDg  News,  No.  3,  July  19,  p.  76. 

WICKHORST  (M.  H.).  —  Fire-box  steel-failures  and 
specifications.  (4,000  words  A  fig.) 
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1906  621  .33  (.42) 

Great  Western  Railway  Magazine,  July,  p.  130. 

SMITH  (R.  T.).  —  Electric  supply  for  traction,  power, 
and  lighting  in  the  G.  W.  R.  London  district.  (2,800  words 
Afig.) 
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Indian  Engineering,  No.  23,  June  9,  p.  367. 

DOD  (F.  W.).  —  Wear  of  flanges  and  speed  over  facing 
points.  (1,000  words  &  fig.) 
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IZOD  (E.  G.).  —  Behaviour  of  materials  of  construc- 
tion under  pure  shear.  (14,000  words,  tables  &  fig.) 


L.ocon»oUve    Masaxlne.  (LtiUoa.) 
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Locomotive  Magazine,  No.  166,  June  15,  p.  96. 
Tender  water  scoop,  G.  E.  R.  (450  words  &  fig.) 
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Raihroad  Gasette,  No.  24,  June  15,  p.  613. 

Consolidation  locomotive  for  the  New  York  Central 
lines.  (1,000  words  &  fig.) 
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Railroad  Gasette,  No.  24,  June  15,  p.  619. 

STUART  (J.  C).  —  Improved  round  house  facilities. 
(1,200  words  &  fig.) 

1906  621 .132.1  (.73) 

Railroad  GaieUe,  No.  24,  June  15,  p.  641. 

FOWLER  (G.  L.).  —  Recent  development  of  American 
passenger  locomotives.  (2,200  words  &  fig.) 


621 .134.4 
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Railroad  Gazette,  No.  24,  June  15,  p.  644. 

WILLE  (H.  v.).  —  Balanced  compound  locomotives. 
(1,300  words  &  fig.) 

1906  621 .335 

Railroad  Gaiette,  No.  24,  June  15,  p.  648. 

GORDON  (R.).  —  New  York  Central  electric  locomo- 
tives. (1,400  words  &  fig.) 

1906  625 .232 

Railroad  Gazette,  No.  25,  June  22,  p.  687. 

Standard  all-steel  60-ft.  postal  car  for  the  Haniman 
lines.  (500  words  &  fig.) 


Rall^way    Ajce.    (OMoaf*.) 
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Railway  Age,  No.  1566,  June  15,  p.  1010. 

Power  transmission  line  and  third  rail  system  of  the 
Long  Island  Railroad.  (6,500  words  &  fig.) 
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Railway  Age,  No.  1567,  June  22,  p.  1218. 

Pennsylvania  railroad's  extension  to  New  York  and 
Long  Island.  Rotary  converter  substations  of  the  Long 
Island  Railroad.  (8,500  words  &  fig.; 
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Railway  Bnginaer,  No.  318,  July,  p.  214. 

The  signalling  of  the  Victoria  (New)  station;   L., 
Brighton  and  S.  C.  Railway.  (3,000  words  &  fig.) 


Rall^ray  and  Bnslneerliis  Revleiw.  (OkiMg*.) 

1906  621 .131.3 

Railway  and  Engineering  Review,  No.  23,  June  9,  p.  408. 

Some  speculation  on  the  P.  R.  R.  tests.  (2,000  words, 
ablest  fig.) 

1906  656 .256.2 

Uilway  and  Engineering  Review,  No.  23,  June  9,  p.  418. 

—  —  —      No.  25.  —  23,  p.  463. 

Signaling  in  the  electric  zone,  N.  Y.  C.  &  H.  R.  R.  R. 
^,300  words  &  fig.) 
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lailway  and  Engineering  Review,  No.  24,  June  16,  p.  454. 

The  electrical  transmission  system  of  the  Long  Island 
I.  R.  (2,000  words  &  fig.) 
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iailway  Qaxelte,  No.  22,  June  15,  p.  874. 

Petrol-driven  rail  motor  coaches  for  the  Cape  Govem- 
lent  Railways.  (300  words  &  fig.) 
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ailway  (iazette,  No.  22,  June  15,  p.  894. 

The  gasoline  car  for  interurban  service.  (4,800  words 
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lilway  Gazette,  No.  23,  June  22,  p.  910. 

Billing  typewriters  for  railways.  (1,300  words  &  fig.) 
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iilway  Gaselte,  No.  23,  June  22,  p.  915. 

DAVISON  (R.  C.)  &  BOARDMAN  (B.).  —  Car  ferry 
les  of  American  railroads.  (2,200  words,  1  table  &  fig.) 


1906  621 .331 

lilway  Gasette,  No.  24,  June  29,  p.  940. 

Great  Western  Railway's  new  London  electric  power 
lUon.  (2,500  words  &  fig.) 


1906  621 .132.1  (.73) 

Railway  Gaaette,  No.  24,  June  29,  p.  947. 

FOWLER  (G.  L.).  —  Recent  development  of  American 
passenger  looomotives.  (2,200  words  &  fig.) 

1906  621 .134.4 

Railway  Gaxette,  No.  24,  June  29,  p.  950. 

WILLE  (H.  v.).  —  Balanced  compound  locomotives. 
(1,300  words  &  fig.) 

1906  621 .335 

Railway  Gazette,  No.  24,  June  29,  p.  954. 

GORDON  (R.).  —  New  York  Central  electric  locomo- 
tives. (1,400  words  &  fig.) 
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Railway  Gasette,  No.  3,  July  20,  p.  66. 

An  advance  in  train' braking.  (800  words  &  fig.) 
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625 .13 


1906 

Railway  Gazette,  No.  3,  July  20,  p.  75. 

The  Pennsylvania  tunnels  under  the  East  River.  (5,400 
words  &  fig.) 
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Railway  Gazette,  No.  4,  July  27,  p.  109. 

Organization  of  the  Pennsylvania  Railroad,   1906. 
(3,400  words  &  1  table.) 
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Railway  Gazette,  No.  4,  July  27,  p.  116. 

Rapid  transit  in  Chicago.  (2,400  words  &  fig.) 
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Rall-way  and  Liooomotlve  Bnstneerlns*  (iew  Yerlc.) 

1906  621 .133.4 

Railway  and  Locomotive  Engineering,  July,  p.  330. 

Locomotive  front  ends.  (3,500  words  &  fig.) 


ery.  ^Ntw  York.) 


621 .138.3 


1906 

Railway  Machinery,  June,  p.  527. 

Care  and  maintenance  of  freight  and  passenger 
engines  at  terminal  to  give  maximum  mileage  and  effi- 
cient service.  (4,000  words.) 
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Ikall'way    Ma|S«zlne.    (LMdOR.) 

1906  656.222.1 

Railway  Magazine,  No.  109,  July,  p.  58. 

ROL'S-MARTRN  (C).  —  British  locomotive  practice' 
and  performance.  (3,600  words  &  fig.) 


Rallw^ay  Malntenunce  ana  Sti^uotures.  (New  York.^ 

1906  624  &  625  .123 

Railway  Maintenance  and  Structures,  No.  7,  July,  p.  162. 

xVroas  of  waterways  for  railroad  culverts  and  bridges. 
l8.50U  words  &  &g.) 


Railway    IVevvs.    (Lsiioii.) 

1906  385  .09.3  (.42) 

Railway  News,  No.  2219,  July  14  (supplement). 

The  diamond  jubilee  of  the  London  and  North  Wes- 
tern Railway  Co.  (12,000  words  &  fig.) 


RallM^ay    Xlmea.  (Lomton.) 


621.33 


1906 

Railway  Times,  No.  26,  June  30,  p.  833. 

Electric  traction   on   the  Lancashire  and  Yorkshire 
Riiilway.  {3,0C0  words  &  fig.) 


street   Railway   •lournal.  (New  York.) 

1906  621331 

Street  Railway  Journal,  No.  25,  June  23,  p.  968. 

SMITH  (W.  N.).  —  The  rotary-converter  sub-stations 
of  the  Long  Island  Railroad.  (10,000  words  &  fig.) 


Tramway   A  Rall^way   IMTorUI.  (London.) 

1906  621 .33 

Tramway  A  Railway  World,  July,  p.  9. 

New  equipment  and  extensions  of  Liverpool  and 
Soulhporl  electric  line.  Lancashire  and  Yorkshire  Rail- 
way. (2,8C0  words  &  fig). 


1906  621 .33 

Tramway  &  Railway  World,  July,  p.  21. 

Hammersmith  and  City  Railway  electrllication.  (5,600 
words  &  fig.) 

1906  625 .143.3 

Tramway  &  Railway  World,  July,  p.  44. 

AM  AN  (F.T.).  —  Rail  corrugation,  (1,200  words  &  fig.) 


In  Italian. 


Rollettlao  della  Sooleta  def|ll  Inge^aerl  e  deiill 
afchlteCtl  Itallanl.  (Romm.) 

1906  625 .13 

Bollet.  del.  sec.  degli  ing.  ed.  arch,  it.,  no  24/25, 24  giugno,  p.  3  i5. 

II  traforo  del  Sempione.  (9,800  parole  &  2  tavole.) 


Gloroale    del    f^enlo    clvlle«    (Roma.) 


625  > 


1906 

Qiornale  del  genio  civile,  giugno,  p.  327. 

II  valico  del  Sempione.  (3,000  parole,  9  tavole  &  fig.) 


logeiniei'la  ferrovlarla.  (Roma.) 

1906  621 .335 

Ingegneria  ferroviaria,  n«  13, 1®  luglio,  p.  199. 

Le  carrozze  aulomotrici  per  la  ferrovia  elettrica  mono- 
fase  Blankenese-Amburgo-Ohlsdorf.  (1,000  parole  &  fig.) 


1908  621  .138.2  (.4 +  .73) 

Ingegneria  ferroviaria,  n®  13,  1*>  luglio,  p.  202. 

LUZZATTO  (V.).  —  Impianti  di  rifornimento  di 
carbone  per  le  locomotive  in  Europa  e  in  America. 
(1,800  parole  &  fig.) 


1906  625 .253 

Ingegneria  ferroviaria,  no  14,  16  luglio,  p.  214. 

MELE  (V.j.  —  Sul   freno  Westinghouse  ad  aziono 
rapida.  (1,600  parole  &  fig.) 
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lloiBit4»re    delle    strade    ferpate    e    de^ll 
Interessl    materUill.    (TorlM.) 

i»06  385  .15  (.45) 

Monitore  delle  strade  ferrate,  n*  16,  4  luglio,  p.  243. 

SAPORITO  (V.).  —  Ancora  sul  riscallo  delle  Meridio- 
nali.  (3,600  parole.) 


In    Dutch. 


InKenleui*.  ('e  8rav«iiluit«.) 

1906  624 .2  (04 

Ingpenieur,  n«  25,  23  Juni,  p.  454. 

VAN  5ANDICK  (R.  A.).  —  Inleiding  tot  een  bespre- 
king  over  Grey-balkliggers  (B- profielen).  (9,000  woorden, 
taferoelen  &  Rg.) 
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I.  — 


BIBriIOORi%.PIIir    OF    BOOKS 

(September,  1906.) 


In    Bnglish. 


1906  318  :  621  .33  (.7)  d  313  :  625  .62  (.7) 

Amerioan  street  railway  investments.  The  '*  red  book  " 

or  1906. 
New  York,  McGrato  Publishing  Company.  (13  X  9  */« 

Qches),  cloth,  432  pages.  (Price  :  $5.) 


621  .14(02 


1906 

BEAUMONT  (W.  Worby). 

Motor  rehieles  and  motors;  their  design,  construction, 
nd  working  by  steam,  oil,  and  electricity. 

London,  Archibald,  Constable  <fe  Go.  Volume  II.  (Price  : 
«*.)  

906  669  .1 

BLAIR  (Andrew  Alexander). 

The  ehemieal  analysis  of  iron  :  a  complete  account  of  all 
be  best  known  methods  for  the  analysis  of  iron,  steel,  pig- 
ron,  iron  ore,  etc. 

Philadelphia,  Lippincott.  6th  ed.,  8^©  cl.,  11-328  pages,  il. 
Price  :  $4.) 


1906  626  .2  (03 

HITT  (Rodney). 

Gar  builders'  diotionary. 

New  York,  Railroad  Gazette,  Edition  for  1906,   leather 
(12  X  9  inches),  738  pages  and  6,344  illustrations.  (Price  : 


••) 


666  .25  (06  (.73) 


1906 

RAILWAY  SIGNAL  ASSOCIATION. 

Digest  of  prooeedings  for  eleven  years,  1895-1905. 

New  York,  H.  S.  Balliet,  Secretary.  Volume  I,  (9  X  6  inches ) , 
546  pages.  (Price  :  |4.) 

1906  861  .812  (.42) 

ROBERTSON  (George  Stuart). 

The  law  of. tramways  and  light  railways  in  Great  Britain. 
London,  Stevens  A  Son.  (Price  :  25#.) 


621  .133.7 


1906 

WEHRENFENNIG  (E.  &  P.). 

The  analysis  and  softening  of  boiler  feed  water.  Transla  ted 
by  Patterson  (D.  W.). 

New  York,  John  Wiley  &  Sons.  (9X6  inches),  200  pages, 
171  illustrations.  (Price  :  $4.) 


^)  The  numbers  placed  over  Ibe  title  of  each  book  are  those  of  the  decimal  olassifloation  proposed  by  the  Railway  Congress  conjointly 
rith  the  Office  Bibliographique  International,  of  Brussels.  (See  **  Bibliographical  Decimal  Classiflcation  as  applied  to  Railway  Science, "  by 
1.  WsissBNBRncB.  in  the  number  for  November.  1897.  of  the  Bulletin  of  th«  International  Railway  Congreu,  p.  1500.) 

N.  B.  —  The  Monthly  Bibliography  is  printed  on  one  side  only  so  that  it  may  be  oat 
np  into  slips  and  pasted  on  labels  for  catalogues  and  indexes. 
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BIBrilOOBAPHir    OW    PSBIODIOAX^S 

(Angnst,  1906.) 


In  French. 


DnUeUB 


da 


Congi'^    iBtenuiUonal 
de   fer.   (■imlM.) 


1906  625 .251 

Bulletin  du  Gongrte  des  chemins  de  fer,  n®  8,  aoiit,  p.  817. 

FUHR  (A.).  —  Appareil  de  contrdle  Kaptejn  pour  les 
issais  de  freins  continus.  (2,600  mots  &  fig.) 

1906  621 .33  &  656 .222.1 

Mletin  da  Gongrte  dee  chemins  de  fer,  no  8,  ao<kt,  p.  827. 

Les  essais  de  marcbe  a  grande  vitesse  fails  en  1901 
mr  la  ligne  de  Berlin-Zossen.  (7,500  mots,  3  tableaux 

I  fig.) 


1906  621  .33 

Bulletin  du  Gongrte  des  chemins  de  fer,  n^  8,  aoiit,  p.  853. 

Traction  ^lectrique  (question  VIII,  7«  session).  Discus- 
rion.  (24,000  mots  &  fig.) 


1906  621 .33 

Batte4in  du  Gongrte  dee  chemins  de  fer,  n^  8,  aoiit,  p.  902. 

ROTA(C.)  et  GRISMAYER  (E.).  —  Traction  ^lectrique 
question  WH,  1*  session).  Lettre  au  sujet  de  Texpos^  n<*  4 
ie  M'  Victor  Tremontani.  Annexe  k  la  discussion. 
|300  mots.) 

1906  621 .33 

Bulletin  du  Gongrte  des  chemins  de  fer,  no  8,  aoiit,  p.  903. 

6ULACSY  (Coloman  de).  —  Traction  electrique 
question  VIII,  ?•  session).  Remarques  sur  I'expos^  no  4 
te  M'  Victor  Tremontani.  Annexe  k  la  discussion. 
4,500  mots.) 


1906  625  .233  d  625  .234 

bulletin  du  Gongrte  des  chemins  de  fer,  no  8,  aoiit,  p.  911. 

Eclairage,  chauffage  et  yentilation  des  trains  (ques- 
ion  IX,  7«  session).  Discussion.  (20,200  mots  &  2  tableaux.) 

W6  313  .385  (.3) 

Metin  du  Gongrte  dee  chemins  de  fer,  no  8,  aoiit,  p.  954. 
Les  chemins  de  fer  du  monde.  (2  tableaux.) 


1906  621 .132.8 

Bulletin  du  Gongrte  des  chemins  de  fer,  no  8,  aoiit,  p.  961. 

COLEMAN  (F.  C.).  —  Yoiture  automotrice  a  vapeur 
pour  les  chemins  de  fer  de  TEtat  indien  (Indian  North 
Western).  (500  mots  &  fig.) 


1906  656 .256.3 

Bulletin  du  Congr^  des  chemins  de  fer,  no  8,  aoiit,  p.  962. 

Signaux  automatiques  en  Orande-Bretagne  et  sur  le 
continent  europ6en.  (3,200  mots.) 

1906  656 .281 

Bulletin  du  Gongr^  des  chemins  de  fer^  no  8,  aoiit,  p.  967. 
L*accident  de  Salisbury.  (1,200  mots.) 


1906  386.  (09.2 

Bulletin  du  Gongrte  des  chemins  de  fer,  no  8,  aoiit,  p.  971. 
N^crologie  :  Ernest  BlagA.  (900  mots  &  portrait.) 


1906  625  .14  (01  d  385.  (04 

Bulletin  du  Congrte  des  chemins  de  fer,  no  8,  aoiit,  p.  973. 

Compte  rendu  bibliographique  :  Etude  sur  les  d^or- 
mations  des  voies  de  chemins  de  fer  et  les  mojens  d'y 
rem6dier,  par  G.  CuftNor.  (250  mots.) 


1906  6B1  .13  d  386.  (04 

Bulletin  du  Gongr^  des  chemins  de  fer,  no  8,  aoiit,  p.  973. 

Compte  rendu  bibliographique :  La  locomotive  actuelle. 
Etude  g^n^rale  sur  les  types  r^cents  de  locomotives 
k  grande  puissance,  par  Maurice  Dbmouun.  (1,500 
mots.) 

1906  016  .385.  (02 

Bulletin  du  Gongrte  dee  chemins  de  fer,  no  8,  aoiit,  p.  77. 

Bibliographie  mensuelle  des  chemins  de  fer.  —  Livres. 
(18  fiches.) 

1906  016  .385.  (05 

Bulletin  du  Gongrte  des  chemins  de  fer,  no  8,  aoiit,  p.  79* 

Bibliographie  mensuelle  dee  chemins  de  fer.  —  P^rio- 
diques.  (Ill  fiches.) 
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«lonraal    de«    transports*   (Pwto.) 

1906  385  .13  (.42) 

onrnal  des  trtnsporto,  n«  29,  21  juillet,  p.  337. 

Les  trains  ouvriers  et  Timpdl  sur  Ics  voyageurs  en 
Lngleterre.  (2,600  mots.) 


Rewe  s^n^rale  de«  ohemliiiP  de  fer 
et  des  trem'vireys*  (Parlt.) 

1906  625 .143.5 

levae  g^n^rale  des  chemins  de  fer,  d«  2,  aoiit,  p.  75. 

PERROUD  (E.).  —  (Considerations  g6n6rales  sur  la 
acilite  de  descente  des  tirefonds  a  leur  mise  en  place. 
3,800  mots  &  fig.) 


1906  625  .23  (06.4 

levne  gin^rale  des  chemins  de  fer,  n«  2,  aoiit,  p.  86. 

SCHUBERT  (A.).  —  Le  materiel  roulant  des  chemins 
le  fer  a  Texposition  universelle  de  Li^e,  1905. 
9,900  mots,  2  tableaux  &  fig.) 


1906  385  .113  (.44) 

^erae  g^n^rale  des  chemins  de  fer,  n^  2,  aoiit,  p.  127. 

R^sultats  obtenus  en  1905  sur  les  r^seaux  des  six 
iompagnies  princi pales  des  chemins  de  fer  fran^ais. 
1,000  mots  &  7  tableaux.) 


1906  385  .14  (.73) 

ftevuegintole  des  chemins  de  fer,  no  2,  aoiit,  p.  140. 

La  r^glementation  des  tarifs  de  chemins  de  fer  aux 
Etats-Unis.  (1,800  mots.) 


1906  625 .143.5 

Revue  ginirale  des  chemins  de  fer,  n^  2,  aoiit,  p.  143. 

Garnitures  metalliques  ThiolHer  pour  la  consolidation 
ies  attaches  des  rails.  (350  mots  &  fig.)  (Y.  Bulletin  du 
Congr^  des  chemins  de  fer,  n®  7,  juillet  1906.) 

1906  621 .131.3 

ReTue  g^n^rale  des  chemins  de  fer,  no  2,  aoiit,  p.  145. 

Resultats  des  essais  effectues  au  laboratoire  du 
Pennsylvania  Railroad  sur  diverses  locomotives  pendant 
'exposition  de  St.  Louis.  (1,000  mots.) 


In  German. 


AQQaien  f\flur  Oe^verbe  and  Be«i^re«en»  (BerUii.} 

1906  385.  (06.14 

^nnalen  fur  Gewerbe  und  Bauw.,  N^  699, 1 .  August,  p.  42. 

SARRE.  —  Mitteilungen  flber  die  American  Railway 
Association  und  ihr  Wirken.  (10,000  W5rter,  1  Tabelle 

iFig.) 


1906  625 .143.5 

Annalen  ftir  Gewerbe  und  Bauw;,  N'  699, 1.  August,  p.  56. 

BIELSCHOWSKY  (A.).  —  Schienenbefestigung  ohne 
Kleineisenzeug  auf  eisemen  Schwellen.  (800  W6rter 
&  Fig.) 


Orsen   fttr  die  Fortscliritte  de«  Bl 
'weeens  In  teobnlsclier  Beslehans* 


Isenbalin* 

.) 


1906  621  .131.3 

Organ  ftir  die  Fortschritte  des  Bisenbahnw.,  7/8.  Heft,  p.  131. 

LEITZMANN.  —  Ergebnisse  der  Yersuchsfabrten  mit 
einer  '/j  gekuppelten  Vierzylioder-Lokomotive  Grafen- 
stadener  Bauart.  (4,200  W5rter,  Tabellen  &  Fig.) 

1906  725 .33 

Organ  fur  die  Fortschritte  des  Eisenbahnw.,  7/8.  Heft,  p.  143. 

KLOPSCH.  —  Heizung  der  Lokomotivschuppen. 
(350  WOrter  &  Fig.) 

1906  625  .14  (01 

Organ  fiir  die  Fortschritte  des  Eisenbahnw.,  7/8.  Heft,  p.  143. 

FRANGKE  (A.).  —  Der  Balken  mit  elastisch  gebun- 
denen  Auflagem  bei  Unsymmetrie  mit  Bezugnahme  auf 
die  Verhaltnisse  des  Eisenbahnoberbaues.  (2,000  W<)rter 
&  Fig.) 

1906  621  .133.2 

Organ  for  die  Fortschritte  des  Eisenbahnw.,  7/8.  Heft,  p.  147. 

BUSSE  (0.).  —  Uber  das  Dichthalten  der  Feuer- 
biichsen-Bodenringe.  (500  WOrter.) 


1908  621 .132.3 

Organ  fur  die  Fortschritte  dee  Eisenbahnw.,  7/8.  Heft,  p.  148. 

MARESCH(C.).  —  Heissdampf-Zwillings-Lokomotive 
ftir  schwere  Schnellzttge  der  Aussig-Teplitzer  Eisenbahn- 
Gesellschaft.  (2,200  WOrter  &  Fig.) 

1906  656.259 

Organ  fur  die  Fortschritte  des  Eisenbahnw.,  7/8.  Heft,  p.  152. 

HEITZINGER  (J.).  —  Das  elektrische  Verbindung- 
Signal  der  Schnellzuge  der  deutschen  und  5sterrei- 
chischen  Eisenbahnen.  (3,500  WOrter  &  Fig.) 

1906  656 .257 

Organ  fiir  die  Fortschritte  des  Eisenbahnw.,  7/8.  Heft,  p.  160. 

Schaltungen  elektrischer  Stellwerke  nach  den  Bauar- 
ten  Siemens  und  Halske  und  Judel.  (2,400  Wttrter 
&  Fig.) 
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OBsterrelchlsclie    EI»enb»hn*Keltiiiig(.  tWtoa.) 

1906  385 .517.6 

(Esteireichische  Eisenbahn-Zeitaog,  N'22,  1.  August,  p.  201. 

TERRA.  (0.  de).  —  Alkohol  und  Verkehrssicherheit. 
(2,700  Wftrter.) 


ElektrUohe  Bahnen  and  Betrlebe. 
Zeltschrlft  fAr  Verkehrs-  and  Xransport^w^esen* 

(MOnoliM.) 

1906  625 .13 

Elektrische  Bahnen  und  Betriebe,  Hefl  22,  4.  August,  p.  409. 

HERZOG  (S.).  —  Der  elektrische  Betrieb  im  Simplon- 
tunnel.  (3,600  WOrter  &  Fig.) 


ZelUiclirirt  des  Asterrelclilsclien  Insenleur*  and 
Aroliltekten-Verelne*.  (WIm.) 

1906  621 .131.1 

Zeit.  des  5st.  Ingeo.-  und  Archit.-Ver.,  N'  31,  3.  August,  p.  441. 
SANZIN  (R.).  —  Das  Leistungsgebiet  der  Dampfloko- 
motive.  (2,500  WOrter  &  Fig.) 


Zeltechrirt    nkr    MIelnbalinen.    (BtrHi.) 

1906  313  :  625  .61 

Zeitschrift  flir  Kleinbahnen,  Hefl  8,  August,  p.  510. 

ZEZULA  (F.).  —  Statistik  der  schmalspurigen  Eisen- 
bahnen  fUr  das  Betriebsjahr  1933-1904.  (Tabellen.j 


Zeltaclirirt  des  Verelne*  deal»clier>  Inipenleare* 


1906  621 .132.5 

Zeit.  des  Vereines  deutscher  Ingen.,  N*"  31,  4.  August,  p.  1217. 

MBTZELTIN.  —   Kurvenbewegliche   Lokomotiven. 

(800  WOrter,  1  Tabelle  &  Fig.) 


Zeltann   dea    Verelns   deataober    Bl»enb*bn- 
ver^valtanKen.  (Itriw.^ 

1906  621  .14  (.43  +  .44) 

Zeitung  des  Vereins,  N'  57,  28.  Juli,  p.  908. 

PFLUG.  —  Die  Prvifungsfahrten  far  Motorlastwagen 
und  Motoromnibusse  in  Frankreich  und  Deutschland 
im  Jahre  1905.  (2,000  WOrter  &  Tabellen.) 


1906  621  .33 

Zeitung  des  Vereins,  N'  58,  1.  August,  p.  917. 

Der  elektrische  Betrieb  der  Wiesentalbahn.  (1,500 
Wdrter  &  1  Tabelle.) 


Zentralblatt    der    Beuvep^weltanff*    (B«rUa.} 

1906  656 .256 

2entralblatt  der  Bauverwaltung,  N'  63,  4*  August,  p.  400. 

Sperrvorrichtung  unter  den  Erlaubnisfeldern  fur 
Streckenblockung  auf  eingleisigen  Bahnen.  (1,900  WOr- 
ter  &  Fig.) 


In  Bnglish. 


Balletin  ortbe  Intei*netlon«l  Itell^vay  Conffrea** 

(BnitMlt.) 

1906  621 .133.  (01 

Bulletin  of  the  Railway  Congress,  No.  8,  August,  p.  1185. 

BUSSE  (0.).  —  Note  on  the  steam  production  of 
locomotive  boilers.  (700  words.) 


1906  656 .222.1 

Bulletin  of  the  Railway  Congress,  No.  8,  August,  p.  1188. 

SARRAUTON  (Henri  de).  —  Table  of  speeds.  (650 
words,  1  table  &  fig.) 


1906  625.143.5 

Bulletin  of  the  Railway  Congress,  No.  8,  August,  p.  1192. 

X***  —  Note  on  the  metal  screw  bushes  for  streng- 
thening rail  fastenings,  on  the  Thiollier  system.  (3,000 
words,  6  tables  &  fig.) 

1906  625 .255 

Bulletin  of  the  Railway  Congress,  No.  8,  August,  p.  1203. 

BRAUN  (Rudolf).  —  The  Westinghouse  electro- 
magnetic brake.  (5,500  words  &  fig.) 


1906  625 .13 

Bulletin  of  the  Railway  Congress,  No.  8,  August,  p.  1220. 

ROSENMUND  (M.).  —  Final  results  of  the  Simplon 
tunnel  survey.  (2,600  words,  1  table  &  fig.) 

1906  621 .137.3 

Bulletin  of  the  Railway  Congress,  No.  8,  August,  p.  1227. 

Pooling  locomotives  (question  VI,  7^^  session).  Discus- 
sion. (16,000  words.) 


1906  625  .216 

Bulletin  of  the  Railway  Congress,  No.  8,  August,  p.  1261. 

Automatic  couplers  (question  VII,  7^  session).  Discus- 
sion.  (23,500  words  &  fig.) 


Digitized  by 


Google 


Digitized  by 


Google 


-  103 


1906  625 .216 

Balletin  of  the  Railway  0>ngr688»  No.  8,  Augnst,  p.  i309. 

PETTIGREW  (William  F.).  —  Automatic  couplers 
(question  YII,  V^  session).  Addenda  to  report  No.  1 
(England).   Appendix  to  the   discussion.   (1,200  words 

&fig.) 


1906  625 .216 

Bulletin  of  the  Railway  0>Dgre6s,  No.  8»  Aagu8t»  p.  1317. 

Automatic  couplers  (question  VII,  7^  session).  Note 
on  the  Boirault  automatic  car  coupler.  Appendix  to  the 
discussion.  (1,200  words  &  fig.) 

1906  656 .256.3 

Balletin  of  the  Railway  Congress,  No.  8,  August,  p.  1324. 

Automatic  signals  in  Great  Britain  and  on  the 
Continent.  (2,800  words.) 


1906  621  .135.5  (01 

Bulletin  of  the  Railway  Congress,  No.  8,  August,  p.  1328. 

ComparatiTe  test  of  large    locomotive    air  pumps. 
(2,000  words,  3  tables  &  fig.) 


1906  656 .212.8 

Balletin  of  the  Railway  Congress,  No.  8,  August,  p.  1335. 

Weighbridge  for  determining  the  loads  on  the 
diflferent  wheels  of  locomotives  and  other  rolling  stock, 
with  conunon  raising  mechanism,  on  the  Zeidler  system. 
(700  words  &  fig.) 


1906  625 .245 

Bulletin  of  the  Railway  Congress,  No.  8,  August,  p.  1339. 

Whitewashing    car    used    on    the   Central    London 
Railway.  (200  words  &  fig.) 


1906  62.  (01  A  625  .1  (01 

Bulletin  of  the  Railway  Congress,  No.  8,  August,  p.  1340. 

Experimental  track  for  trials  of  superstructures  and 
ballast.  (250  words  &  fig.) 

1906  656 .281 

Bulletin  of  the  Railway  Congress,  No.  8,  August,  p   1341. 

The  accident  at  Salisbury.  (1,450  words.) 


1906  625  .14  (01  &  385.  (04 

Bulletin  of  the  Railway  Congress,  No.  8,  August,  p.  1344. 

New  books  and  publications  :  Etude  sur  les  defor- 
mations des  voies  de  chemins  de  fei*  et  les  moyens  d'y 
rem^dier  (Investigation  concerning  the  deformations  of 
railway  tracks  and  means  of  obviating  them),  by  G.  CufiNOT. 
(300  words.) 


1906  016.385.(02 

Balletin  of  the  Railway  Congress,  No.  8,  August,  p.  77. 
Monthly  bibliography  of  railways.— Books.  (18  labels.) 

1906  016  .385.  (05 

Bulletin  of  the  Railway  Congress,  No.  8,  August,  p.  79. 

Monthly   bibliography  of  railways.  —  Periodicals. 
(Ill  labels.) 


Bnstneer*  (LtaiM.) 

1906 

Engineer,  No.  2636,  July  6,  p.  1. 

The  Railway  Clearing  House.  (3,500  words. 


656  .237.4 


1906  656 .259 

Engineer,  No.  2637,  July  13,  p.  29. 
Locomotive  tachographs.  (1,500  words  &  fig.) 

1906  621 .132.3 

Engineer,  No.  2639,  July  27,  p.  98. 

High-speed  Bavarian  locomotive.  f700  words  &  ^g,) 


Bnslneerlns.    (LoadM.) 

1906  621  .132.3 

Engineering,  No.  2116,  July  20,  p.  80. 

Locomotive  for  the  Hungarian  State  Railways.  (1 ,000 
words  &  ^g.) 

1906  656 .281 

Engineering,  No.  2116,  July  20,  p.  87. 

The  Salisbury  railway  accident.  (1,700  words.) 

1906  621 .132.8 

Engineering,  No.  2117,  July  27,  p.  107. 

Steam  coach  for  Central  South  African  Railways. 
(300  words  &  fig.) 


1906  624 .63 

Engineering,  No.  2117,  July  27,  p.  117. 

Concrete  bridge  over  Deep  creek,  Queensland  Rail- 
ways. (350  words  &  fig.) 

1906  621  .14 

Engineering,  No.  2118,  August  3,  p.  157. 
The  motor-bus  and  the  motorcar.  (3,200  words  &  fig.) 
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656  .212.6 


BDgineering,  No.  2118,  August  3,  p.  165. 

REE  (H.  S.   C).  —  Shipping  coal  at  bute  docks, 
Cardiff.  (4,400  words,  1  table  &  fig.) 


625  .143.2 


1906 

Bogineering,  No.  2118,  Augusts,  p.  170. 

COLBY  (A.  L.).  —  American  and  foreign  rail  specific- 
ations. (5,000  words  &  3  tables.) 


621  .132.8 


1906 

BogiDeering,  No.  2119,  August  10,  p.  201. 

Four-cjlinder  compound  rack-adhesion  locomotive; 
Benguella  Railway,  Portuguese  West  AMca.  (650  words 
&  fig.) 

1906  621  .133.3 

BngineeriDg,  No.  2121,  August  24,  p.  254. 

The  Robert  water-tube  locomotive  boiler.  (900  words 

&  H')  

1906  621  .132.8  A  656  .27 

BngineeriDg,  No.  2121,  August  24,  p.  264. 

RICHES  (T.  H.)  &  HASLAM  (S.  B.).  —  Railway 
motor-car  traffic.  (3,500  words,  3  tables  &  fig.) 


1906  625 .232 

Bogineering,  No.  2122,  August  31,  p.  287. 

Bogie  composite  lavatory  carriage  for  the  South  Eastern 
&  Chatham  Railway.  (600  words  &  fig.) 


621 .132.4 


1906 

Bogineering,  No.  2122,  August  31,  p.  299. 

Goods  locomotive  for  the  Caledonian  Railway.  (500 
words  &  fig.) 


Bn|(ln«erliis  IVe^w^s*  (Nmv  Verlr.) 

1906  385.  (01  (.51) 

BngineeriDg  News,  No.  2,  July  12,  p.  25. 

ASHMEAD  (P.  H.).  —  The  Pekin-ttankow  Railway 
in  China.  (2,300  words  &  Ag,) 


I»«se*»  l^lTeekly*  (UMoa.; 


621 .132.8 


1906 

Page's  Weekly,  No.  99,  August  3,  p.  239. 

RICHFS  (T.   H.)  &  HASLAM  (S.  B.).  —  Railway 
motor-car  traffic.  (1,200  words,  1  table  &  fig.) 


■tallroad  Oaxette.  (iew  Yerlr.) 


1906  625  .252.  (01 

Railroad  Gatette,  No.  26,  June  29,  p.  691. 
Tests  of  brake  beams.  (500  words,  tables  &  fig.) 


656 .256.3 


1906 

Railroad  Oasette,  No.  26,  June  29,  p.  705. 

New  York  Central  All-electric  signaling  at  New  York. 
(3,200  words  &  fig.) 


1906  621 .132.3 

Railroad  Oasette,  No.  26,  June  29,  p.  714. 

Pacific  locomotive  for  the  Southern  Railway.  (500 
words  &  fig.) 


1906  625 .13 

Railroad  Gasette,  No.  1,  July  6,  p.  11. 

The  Pennsylvania  tunnels   under  the    East   River. 
(5,000  words  &  fig.) . 


1906  385 .4  (.73) 

Railroad  Gaiette,  No.  2,  July  13,  p.  37. 

Organization  of  the  Pennsylvania  Railroad,  1906. 
(3,200  words  &  1  table.; 


1906  621  .132.8  d  625  3 

Railroad  Oasette,  No.  2,  July  13,  p.  40. 

Rack  locomotive  for  Manitou  &  Pike's  Peak  Railway. 
(800  words  &  fig.) 

1906  621  .135.1 

Railroad  Qaiette,  No.  2,  July  13,  p.  42. 
Welding  locomotive  frames.  (1 ,900  words.) 

1906  388  (.73) 

Railroad  Gazette,  No.  2,  July  13,  p.  44. 
Rapid  transit  in  Chicago.  (2,000  words  &  fig.) 


621 .135.5  (01 


1906 

Railroad  Gaiette,  No.  2,  July  13,  p.  47. 

Comparative  test  of  large    locomotive  air  pumps. 
(1,000  words  &  fig.) 


1906  625 .172 

Railroad  Gasette,  No.  3,  July  20,  p.  55. 
The  Lamb  gasolene  weed  burner.  (300  words  &  fig.) 
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1906  621 .132.8 

Railroad  Oaiette,  No.  3,  July  20,  p.  57. 

Steam  motor  car  for  the  Canadian  Pacific.  (450  words 
&fig.) 


1906  621 .132.4 

Railroad  aaiette,  No.  3»  July  20,  p.  58. 

Mogul  locomotives  for  the  Panama  excavation.  (800 
words  &^g.) 


1906 
Railroad  Gaiatte,  No.  3,  July  20,  p.  64. 

The  Carnegie  steel  tie.  (800  words  &  fig.) 


625  .142.3 


621 .133.3 


1906 
Railroad  Gaxette,  No.  3,  July  20,  p.  66. 

VAN  ALSTYNE  (D.).  —  Some  essentials  in  locomotive 
boiler  design.  (2,500  words  &  ^g,) 


656 .256.3 


1906 

Railroad  Gasatte,  No.  4.  July  27,  p.  86. 

Combined  manual  and  automatic  block  signaling  on 
the  C,  N.  0.  &  T.  P.  (600  words  &  fig.) 


1906  621 .132.7 

Railroad  Gazette,  No.  5,  August  3,  p.  98. 

Heavy  switching  locomotive  for  the  Pittsburg  &  Lake 
Erie.  (500  words  &  fig.) 


1906  621.134.3 

Railroad  Gasette,  No.  5,  Augusts,  p.  102. 

MELLIN  (C.  J.).  —  Special  valve  gears  for  locomo- 
tives. (3,600  words  &  Ag.) 


1906  624.  (01 

Railroad  Gasette,  No.  6,  August  10,  p.  123. 

BUEL  (A.  W.).  —  Uniform  live  loads  for  railroad 
bridges,  and  shearing  stress  in  webs  of  plate  girders. 
(700  words,  1  table  &  fig.) 


1906  625 .215 

Railroad  Gaiette,  No.  7,  August  17,  p.  138. 

RAYMOND  (W.   G.).  —  Curve    resistance.   (2,000 
words  &(ig,) 


1906  621 .132.5 

Railroad  Gaiette,  No.  7,  August  17,  p.  148. 

Mallet  compound  locomotive  for  the  Great  Northern. 
(600  words  &  fig.) 


1906  621 .132.3 

Railroad  Gaietke,  No.  8,  August  24,  p.  160. 

Four-cylinder  compound  express  locomotive  for  the 
Prussian  State  Railways.  (600  words  &  fig.) 


Railway    Affe.    (OMoaft.) 


1906 

Railway  Age,  No.  1570,  July  13,  p.  48. 

Welding  locomotive  frames.  (700  words  &  fig. 


621 .135.1 


621 .132.7 


1906 

Railway  Age,  No.  1572,  July  27,  p.  118. 

Pittsburg  &  Lake  Erie  switching  locomotive.  (600 
words  &  fig.) 


1906  656 .254 

Railway  Age,  No.  1571,  July  20,  p.  80. 

BURDICK  (H.  L.)  &  SAUNDERS  (W.  T.).  —  The 
telephone  In  railroad  service.  (3,200  words  &  fig.) 


1906 

Railway  Age,  No.  1575,  August  17,  p.  195. 

Phosphorus  in  steel  rails.  ( 1 ,500  words.) 


625.143.2 


1906  625 .232 

Railway  Age,  No.  1575,  August  17,  p.  198. 

The  new  Pennsylvania  steel  coach.  (400  words  &  fig.) 


621.338 


1906 

Railway  Age,  No.  1575,  August  17,  p.  200. 

SMITH  (W.  N.).  —  Electric  car  equipment  of  the 
Long  Island  Railroad.  (6,000  words  &  fig.) 


Rall^w^ay  and  Enslneerlnip  Itevle^r.  (OMoan.) 

1906  62.  (01 

Railway  and  Engineeriug  Review,  No.  26,  June  30,  p.  486. 

HATT  (W.  K.)  &  TURNER  (W.  P.).  —  Purdue 
university  impact  testing  machine.  (1 ,200  words,  3  tables 
&fig.) 


1906  621 .335.  (01 

Railway  and  Engineering  Review,  No.  28,  July  14,  p.  525. 

PERKINS  (F.  C).  —  Electric  locomotive  tests  on  the 
Seebach-Wettingen  Railway.  (800  words  &  fig.) 
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■tall^vay  Gazette.  (Loadta.) 
1906  656 .256.3 

Railway  Gaietle,  No.  2,  July  13,  p.  45. 

New  York  Central  All-electric  signaling  at  New  York. 

(3,000  words  &  fig.) 


In  Italian. 


Inse^nerla  ferrovlarla*  (Bomm.) 

1906  385  .15  (.45 

iDgegneria  ferroviaria,  n«>  15,  i^  agosto,  p.  237. 
II  riscatto  delle  Meridionali.  (1,900  parole.) 


Digitized  by 
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[Oi6.585.f02] 


I.  —  BIB]:.IOOICA.PHY    OF    BOOKS^ 

(October,  1906.) 


In  French. 


1905  385.  (09.1  (.86) 

BROCHET  (M). 

Le  r^eaa  des  chemins  de  far  oolombiens  de  Bogota  k 
TAtlantiqae  et  le  port  de  Bahia-Honda.  Rapport  g^n6ral  sur 
I'entreprise  des  voies  ferr^s  colombiennes  et  du  port  de 
Bahia-Honda. 

Angers-Paris,  G.  Lenormand.  In-4»  (325  X  245),  171  pages, 
8  photographies  et  1  carte. 


1906  656  .23  (02 

COLSON  (C),  ing^nieur  en  chef  des  ponts  et  chauss^es, 
conseiller  d'litat. 

Transports  et  tarifs.  Supplement  annuel  k  la  deuxi^me 
Edition.  Lois,  r^glements  et  actes  administratifs  post6- 
rieurs  au  30  mars  1898.  Statistiques  mises  k  jour  d'apr^s 
les  demi^res  publications  fran^aises  rapproch^es  des  sta- 
tistiques 6trang6res  et  des  relev^s  historiques. 

Poitiers,  imprinoerie  Blais  &  Roy;  Paris,  librairie  Laveur. 
ln-8o,  46  pages. 

1906  721.9(01 

F£RET  (R.),  chef  du  laboratoire  des  ponts  et  chauss^es,  k 

Boulogne-s/Mer. 
^tude  expdrimentale  da  ciment  ann6. 
Paris,   Gauthier-Villars.   1   volume  in-8o,  778  pages,  197 

figures.  (Prix  :  20  francs.) 


1906  313  .385  (.44 

mNISTfRE  DES  TRAVAUX  PUBLICS. 

Album  de  statistiqae  graphique  de  1900. 

Paris.  Imprimerie  nationale.  In-4»  (335  X  260),  46  planches. 


In   German. 


1906  721.9(02 

Beton-Kalender  1907.  Taschenbuch  fur  den  Beton-  und 

Eisenbetonbau. 

Berlin,  Verlag  von  Wilhelm  Ernst  &  Sohn.  II.  Jahrgang. 

Kl.  in-8<».  2  teilen  mit  uber  900  Teitabbildungen  und  1  Tafel. 

(Preis  :  4  Mark.) 


721.9(01 


1906 

KOENEN  (M.). 

Grundzlige  fur  die  statisohe  Beredmnng  der  Beton-  und 
Eisenbetonbauten. 

Berlin,  Ernst  &  Sohn.  3.  Auflage,  in-8",  24  Seiten.  (Preis  : 
1.50  Mark.) 


385.  (09.1  (.43) 


1906 
REICHSEISEN6AHNAMT. 

Uebersichtskarte  der  Eisenbahnen  BentscUands  nebst 
Verzeichnis  der  deutschen  Eisenbahnstationen  und  ihrer 
Verwaltungen. 

(Preis:  9  Mark.) 


^)  The  numbers  placed  over  the  tiUe  o.  each  book  are  Uiose  of  the  decimal  classiflcation  proposed  by  Uie  Railway  Congress  conjointly 
vith  Uie  OlBoe  Blbliographique  International,  of  Brussels.  (See  **  Bibliographical  Decimal  Classifloation  as  applied  lo  Railway  Science,  **  by 
Lk  Wbssinbrucb,  in  the  number  for  November,  1897.  of  the  Bulletin  of  the  InUmeUioJial  Railway  Congress,  p.  1509.) 

N.  B.  —  The  Monthly  Bibliography  is  printed  on  one  side  only  so  that  it  may  be  cnt 
np  into  slips  and  pasted  on  labels  for  catalogues  and  indexes. 
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1906 


62.  (09.3 
Zur  Feier  des 


Verein  dentseher  Ingenieiire  1856-1906 
50  jahrigen  Bestehens  des  Vereines. 
Berlin,  Selbstverlag.  In-8",  22  Sciten  mit  Abbildungen, 

1906  625.12(02 

WULMANN  (Prof.  L.  v.)  &  ZSGHOKKE  (C). 
Handbnoh  der  Ingenienrwissenfehaften.    1.   Ti.  Vorar- 

beiten,  Erd-,  Grund-,  Strassen-  und  Tunnelbau.  3.  Bd. 

Der  Orondbau. 
Leipzig,  W.  Engelmann.  4.  Auflage,  in-S®,  xvi,  406  und 

Yi    Seiten,    304    Texkabbildungen    und    14    litbographierte 

Tafeln.  (Preis  :  12  Mark.) 


625  .13 


1906 

ZOLLINGER  (A. )>  Oberingenieur. 

Benier  Alpendnrohstiob.  Technischer  Bericht  mit  Rent- 
abilitatsberechnung . 

Bern,  Buchdruckerei  Olt  A  Bolliger. 


In    Bnglish. 


885.  (09.3  (.73) 


1906 

BAILEY  (W.  F.). 

The  story  of  the  first  trus-eoniiiieiital  railroad,  its  pro- 
jectors, eonstraetion  and  history. 

Pittsburgh,  Pa.,  Pittsburgh  Printing  Co.  16™»,  164  pages. 
(Price  :  $2.) 

1906  818  .385 

DIAGOIODIS  (J.  D.),  engineer,  Egyptian  State  Railways. 
Statistical  tables  of  the  working  of  railways  in  varions 

countries  up  to  the  year  1904. 
Cairo,  Baader  <&  Gross.  Second  edition.  (Price  :  165.) 


885.  (09.3  (.54) 
chief  superintendent 


1906 

HUDDLESTON   (Geo.),   C.    I. 
E.  I.  Railway. 

flistory  of  the  East  Indian  Railway. 

London,  W.  Thacker  &  Co.;  Calcutta,  Thacker  Spink  Sl  Co. 
(Price  :  Is,  6d.)  

1906  621.2(01 

JUDE  (Alexander). 

The  theory  of  the  steam  tnrbine  :  a  treatise  on  the  prin- 
ciples of  construction  of  the  steam  turbine,  with  historical 
notes  on  its  development. 

London,  Charles  Griffin  &  Co.  (Price  :  10».) 

1906  621  .116.  (02 

FIGKWORTH  (Charles  N.). 

The  indicator  hand-book  :  a  practical  manual  for  engi- 
neers. Part  n.  The  indicator  diagram  :  its  analysis  and 
calculation. 

Manchester  and  London,  Emmott  &  Co.;  New  York,  The 
D.  Van  Nostrand  Company.  Third  edition.  (Price  :  3«.) 


1906  885.  (02 

Universal  diieotery  of  railway  officials,  1906. 
London,   The  Directory  Publishing  Company.   12^^  year, 

685  pages.  (Price  :  10».) 


In  Italian. 


1906  625  .62.  (08  (.45) 

MINISTERO  DEI  LAVORI  PUBBUGI  (Ufficio  speciale 

delle  ferrovie). 
Relazione  snll'  esercixio  delle  tramvie  italiane  per  Tanno 

1904. 
Roma,  tipografia  deir  Unione  cooperativa  editrice.  In-4o» 

279  pagine. 
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[016.385.(05] 


(September,  1906.) 


In  French. 


Dulletln    da    Conyres    International 
de*    ebemlns    de    fer.   (Bm«ll««.) 

1906  621 .134.3 

Bulletin  du  Congr^s  des  chemins  de  fer,  no  9,  septemb.,  p.  977. 

VAUGHAN  (H.  H.).  —  L'emploi  de  la  vapeur  sur- 
chauflee  sur  les  locomotives.  (15,500  mots,  tableaux  &  ^g.) 


1906  625  .143.4  &  625  .142.2 

Bullelin  du  Congrte  des  chemins  de  fer,  n^  9,  septemb.,  p.  1010. 

BARSCHALL  (Max).  —  Le  joint  a  rail  auxiliaire  et 
Tusure  des  traverses.  (1,800  mots  &  Ag,) 


1906  621 .33  &  625  .4 

Bulletin  du  Congrds  des  chemins  de  fer,  no  9,  septemb.,  p.  1018. 

^lectrificatioD  du  terminus  du  «  New  York  Central  »» 
k  Tint^rieur  de  New- York  et  aux  abords  de  cett€  ville. 
(4,900  mots  &  fig.) 

1906  621  .131.3  &  656  .222.1 

Bulletin  du  Gongris  des  chemins  de  fer,  n^  9,  septemb.,  p.  1033. 

Recents  essais  de  marche  a  grande  vitesse  avec  des 
locomotives  ^  vapeur.  (3,300  mots  &  2  tableaux.) 


1906  656  .256.3 

Bulletin  du  Gongrto  des  chemins  de  fer,  no  9,  septemb.,  p.  1041. 

Block-system  automatique  (question  X,  ?•  session). 
Discussion.  (15,000  mots.) 


1906  656  .256.3 

Bulletin  du  Congr^  des  chemins  de  fer,  no  9,  septemb.,  p.  1073. 

PLATT  (C.  H.).  —  Block-system  automatique  (ques- 
tion X,  7*  session).  Supplement  k  l'expos6  n°  1 .  Annexe  a 
la  discussion.  (3,000  mots,  8  tableaux  &  fig.) 


1906 


656  .226 

Bulletin  du  Gongr^s  des  chemins  de  fer,  no9,  septemb.,  p.  1091. 

Bagages  et  colis  de  detail  (question  XI,  7®  session). 
Discussion.  (14,200  mots.) 


i906  621 .135.5  (01 

Bulletin  du  Ck>ngrds  des  chemins  de  fer,  no9,  septemb.,  p.  1121. 

Essais  comparatifs  de  grandes  pompes  a  air  pour 
locomotives.  (2,400  mots,  .3  tableaux  &  fig.) 


1906  621 .132.8 

Bulletin  du  Congr^s  des  chemins  de  fer,  no9,  septemb.,  p.  1130. 

Nouvelle  voiture  aiitomotrice  de  V  «  Union  Pacific  ». 
(550  mots  &  fig.) 

1906  625 .241 

Bulletin  du  Gongr^  des  chemins  de  fer,  n^  9,  septemb.,  p.  1131. 

Wagon  plat  de  200,000  livres.  (800  mots  &  fig.) 


1906  625 .245 

Bulletin  du  Gongrto  des  chemins  de  fer,  n^  9,  septemb.,  p.  1132. 

Wagon  a  badigeonner  en  service  sur  le  «  Central 
London  Railway  »».  (200  mots  &  fig.) 


1906  656  .28  (01 

Bulletin  du  Gongr^s  des  chemins  de  fer,  n*  9,  septemb.,  p.  1135. 

Rapport  du  colonel  H.  A.  Yorke  sur  raccident  survenu 
le  2  Janvier  1906  entre  Strathaven  et  Stonehouse, 
Caledonian  Railway.  (1,800  mots  &  fig.) 


1906  016.385.(02 

Bulletin  du  Gongr^  des  chemins  de  fer,  no  9,  septemb.,  p.  85. 

Bibliographie  mensuelle  des  chemins  de  fer.  —  Liyres. 
(20  fiches.) 


1906  016  .385.  (05 

Bulletin  du  Gongr^s  des  chemins  de  fer,  no  9,  septemb.,  p.  87. 

Bibliographie  mensuelle  des  chemins  de  fer.  —  Perio- 
diques.  (191  fiches.) 


Ralletln  de  la  Sodete  d*en€5onrasenient 
poai*  l*lnda»tnle  natlonaie.  (Paris.) 

1906  385.  (06.4  (.45) 

Bull,  de  la  See.  d'encourag.  pour  Tind.  nat.,  n© 7,  juillet,  p.  730. 

BERNHEIM  (E.).  —  Le  materiel  des  chemins  de  fer  a 
Texposition  de  Milan.  (4,200  mots.) 


Bulletin    de    la    Soolete    de«    Inisenleiirs    dvlls 
de    Fran<se.    (Parlt.) 

1906  656  .222.1  &  625  .2  (01 

Bulletin  de  la  Soc.  des  ing.  civ.  de  France,  no  4,  avril,  p.  622. 

MARIE  (G.).  —  Les  grandes  vitesses  des  chemins  de 
fer.  —  Les  oscillations  du  materiel  et  la  voie.  (18,000 
mots,  3  tableaux  &  fig.) 
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1906  625  .233  d  621  .32 

Bulletin  de  la  Soc.  des  ing.  cit.  de  France,  n^  4,  ayril,  p.  685. 

L'HOEST.  —  ficlairage  ^lectrique  des  trains  de  che- 
mins  de  fer  par  le  systdme  L'Hoest-Pieper.  (6,300  mots 


1906  621 .132.8 

Bulletin  de  ia  Soc.  des  ing.  cit.  de  France,  n<>  5,  mai,  p.  883. 

La  locomotive  Shay.  (1,100  mots.) 


Bulletin  des    tranaporCa    Intenuitiooaux 
par  ebemlna  de  Ter.  (B«nit.) 

1906  656 .24 

Bulletin  des  transports  intern,  par  ch.  de  fer,  n^S,  aoi!kt,  p.  275. 

De  la  responsabilite  du  chemin  de  fer  et  de  ses  agents 
pour  les  renseignements  foumis  par  eux.  (1,800  mots.) 


1906  656  .235.  (01 

Bulletin  des  transports  intern,  par  ch.  de  fer,  n®  9,  sept.,  p.  308. 

Du  calcul  du  prix  de  transport  bas6  sur  le  choix  de  la 
vole  la  plus  avantageuse  ou  le  tarif  le  plus  ^conomique. 
(2,000  mots.) 

l^Selalrese     ^lectrlqwe.    (Parto.j 

1906  621  .32  d  625  .233 

&lairage  ^lectrique,  no  34,  25  aoOt,  p.  293. 

VALBREUZE  (R.  de).  —  Nouveaux  syst^mes  pour 
Teclairage  ^lectrique  des  trains.  (3,800  mots  &  ^g.) 


1906  621  .33 

&lairage  ilectriqne,  no  35,  1^  septembre,  p.  334. 

SOLIER  (A.).  —  Tramways  electriques  i  recupera- 
tion. (1,600  mots,  1  tableau  &  ^g.) 


621  .138.2 


Grille  civil.  (Paris.) 
1906 

Ginie  civil,  n*  1261,  11  aoiit,  p.  225. 

Installations  de  chargement  mecanique  du  charbon 

<lans  les  dep6ts  de  locomotives.  (1,200  mots  &  &g.) 


621  .14 


1906 

Oinie  civil,  n*  1261,  11  ao<it,  p.  228. 

ESPITALLIER  (G.).  —  Service  regional  d'omnibus 
automobiles  sur  la  c6te  normande.  (2,600  mots,  2  tableaux 
&fig.) 


621 .338 


1906 

Oinie civil,  n®  1261,  llaofit,  p. 237. 

Wagon  spdcial  pour  I'inspection  du  tunnel  du  Simplon. 
(450  mots  &  fig.) 


1906  656 .257 

O^nie  civil,  no  1262, 18  aoi!kt,  p.  243. 

COUPAN  (R.).  —  Preparateur  d*itin^raires,  systdme 
J.  Forestier,  avec  commande  k  distance  et  enclenchement 
des  appareils  de  voie  et  des  signaux.  (4,000  mots  &  &g.) 


624.8 


1906 

Ginie  civil,  n©  1264.  1»  septembre,  p.  279. 

Pont  toumant  sur  le  canal  de  la  mer  du  Nord,  k 
Velsen  (Hollande).  (2,400  mots  &  ^g.) 


625  .233 


1906 

G^nie  civil,  no  1265,  8  septembre,  p.  300. 

L'eclairage  des  wagons  par   bees  k  incandescence. 
(500  mots  &  ^g.) 

1906  621 .33  (.494) 

Gdnie  civil,  no  1266,  15  septembre,  p.  305. 

HERZOG  (S.).  —  La  traction  electrique  dans  le  tunnel 
du  Simplon.  (2,000  mots  &  fig.) 


656  .259 


1906 

G^nie  civil,  no  1266, 15  septembre,  p.  313. 

Indicateur  de  vitesse  et  de  frequence,  systdme  Frahm. 
(1,200  mots  «&  fig.) 

1906  625 .242 

G^nie  civil,  no  1266,  15  septembre,  p.  314. 

Wagons-tremies  de  20  tonnes  k  d6chargement  automa- 
tique,  systdme  Malissard-Taza.  (400  mots  &  &g.) 


656  .211.5 


1906 

Gtoie  civil,  no  1267,  22  septembre,  p.  321. 

DUMAS  (A.).  —  La  nouvelle  gare  maritime  de  la  Com- 
pagnie  g6n6rale  transatlantique,  au  Havre.  (3,200  mots, 
1  tableau  &^g.) 


1906  625.144.4 

G^nie  civil,  no  1267,  22  septembre,  p.  326. 

SCHLliSSEL  (L.).  —  Le  desserrage  des  vis  dans  les 
assemblages  m^talliques  des  voies  de  chemins  de  fer. 
(2,600  mots  &  fig.) 


•leuraal    dea    tranaporCa.    (Paris.) 

1906  656 .235.7 

Journal  des  transports,  no  32,  11  ao{it,  p.  373. 
—  no  33,  18  —    p.  385. 

HAGUET  (H.).  —  Le  projet  Barthou  sur  le  regime  des 
colis  postaux.  (4,000  mots.) 
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1906  656 .235.5 

Journal  des  transports,  n<>  35,  i^^  septembre,  p.  409. 

Le  transport  des  houilles.  (2,500  mots  &  3  tableaux.) 


Moovelles    amnales    de    la    oonstractioii.     ^Parlt.) 

1906  624 .32 

Noavelles  annates  de  la  construction,  no  621,  septembre,  p.  129. 

COSYN  (L.).  —  Pout-route  au-dessus  de  la  gare  de 
Muysen  (Belgique).  (2.200  mots  &  fig.) 


I^oitereullle    ^conomlque    des    inaiclftliie».  (Parte.) 

1906  621 .132.5 

Portefeuille  ^conomique  des  macbiues,  no  608,  aoiit«  p.  113. 

MORIZOT  (A.).  —  Les  nouvelles  locomotives  com- 
pound a  deux  bogies  moteurs  de  la  Compagnie  des  cbe- 
mins  de  fer  du  Nord.  (3,000  mots  &  &g.) 


Revue  «^nerale  d«»M  olienilii*   de   fer 
et  de»  tremweya*  (Parte.) 

1906  625  .144  1 

Revue  g6n6rale  des  cbemins  de  fer,  n©  3.  septembre,  p.  151. 

Note  sur  la  longueur  maxima  adoptee  pour  les  rails 
de  la  voie  courante.  (1,700  mots.) 


1906  625 .233 

Revue  gen^rale  des  cbemins  de  fer,  n«  3,  septembre,  p.  154. 

SAILLOT  (A.).  ^  Note  sur  une  machine  k  essayer  les 
manchons  des  bees  renverses  des  voitures  de  la  Compa- 
gnie des  cbemins  de  fer  de  TOuegt.  (1,000  mots  &  fig.) 

1906  625  .2  (06.4 

Revue  g6n6rale  des  cbemins  de  fer,  n®  3,  septembre,  p.  157. 

SCHUBERT  (A.).  —  Le  materiel  roulant  des  cbemins 
de  for  k  Texposition  universelle  de  Li6ge,  1905.  (5,000 
mots  &  fig.) 

1906  313  .385  (.44) 

Revue  g6n6rale  des  cbemins  de  fer,  n®  3,  septembre,  p.  181. 

Resultats  obtenus  en  1905  sur  le  r^eau  des  cbemins 
de  fer  de  Tfitat  fran^als,  d*apr6s  le  compte  d'administra- 
tion  public  de  ladite  ann6e.  (8  tableaux.) 


1906  625  .1  (.494) 

Revue  g^n^rale  des  cbemins  de  fer,  n©  3,  septembre,  p.  187. 

Les  voles  d'acces  au  Simplon.  (4,600  mots  &  fig.) 

1906  625 .236 

Revue  geaerale  des  cbemins  de  fer,  n«  3,  septembre,  p.  200. 

Netloyage  des  voitures  par  le  vide  ou  Fair  comprim^. 
(1,400  mote  &  fig.) 


1906  621 .133.3 

Revue  g^u^rale  des  cbemins  de  fer,  no  3,  septembre,  p.  202. 

Conference  de  M.  G.  Jackson  Cburcbward,  sur  les 
chaudi^res  de  tres  grande  puissance.  (2,100  mote  &  ^g.) 


.1(01 


itevue    de    meoainlque*   (Parte.) 

1906  621 

Revue  de  m^canique,  n®  1,  juillet,  p.  5. 

DUCHESNE  (A.).  —  Les  pb6nom6nes  tbermiques  dans 
les  machines  a  vapeur.  (1 1,500  mote,  tableaux  &  fig.) 


itevue  politique  et  pau^lementaiire.  (Parte.) 

1906  385  .113  (.65) 

Revue  politique  et  parlementaire,  no  146,  aotit,  p.  358. 

COLSON  (C).  —  Revue  des  questions  de  transports. 
—  Les  cbemins  de  fer  alg6riens  en  1905.  (2,400  mote.) 


1906  625  .6  (.44) 

Revue  politique  et  parlementaire,  n9  146,  aoikt,  p.  364. 

COLSON  (C).  —  Revue  des  questions  de  transports. 
—  Les  cbemins  de  fer  d'int6r6t  local  et  les  tramways 
ruraux  en  1905.  (1,100  mote.) 


1906  385  .113  (.44)  d  625  .62  (.44) 

Revue  politique  et  parlementaire,  no  146,  aotX,  p.  367. 

COLSON  (C).  —  Revue  des  questions  de  transporU. 
—  Les  cbemins  de  fer  et  les  tramways  urbains  en  1905. 
(2,200  mote.) 


Revue  uni ver»elle  des  mines,  de  le  m^telli&i-gle, 
des  trevauz.  publloa,  des  acleiices  et  de»  erta 
appliques  a  l*lnduaUrle«   (U4f«*} 

1906  624 .2 

Revue  universelle  des  mines,  aodt,  p.  133. 

GERARD  (G.  L.).  —  Calcul  de  la  resistance  au  vent 
des  colonnes  supportant  des  fermes  m^talliques. 
(13,500  mots,  tableaux  &  ^g.) 


669.1 


1906 

Revue  universelle  des  mines,  ao6t,  p.  206. 

TfflBEAU  (J.).  —  L'^lectrom^tallurgie  de  Tacier. 
(4,500  mote  &  fig.) 


Tbomaon-Houaton.    (Parte.) 

1906  621  .33.  (09.1  (.45) 

Tbomson-Housion,  no  137,  aoM,  p.  855. 

Roseau  des  tramways  des  cb&teaux  romains.  (1,700 
mote  &  fig.) 
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In  German. 


rUr  Aeipverbe  und  B«uiP7e»ett«  (Bwilii.] 


1906  625  .13 

inalen  fur  Oewerbe  und  Bauw.,  N'  700»  15.  August,  p.  61. 

HAAS.  —  Die  Luftungsanlage  dcs  Kaiser-Wilhelm- 
innels  bei  Cochem.  (7,500  WOrter,  1  Tabelle  &  Fig.) 


1906  621  .33.  (09.1  (.43) 

inalen  fur  Oewerbe  und  Bauw.,  N''  701,   1 .  September,  p.  81. 
-  —  —        N' 702, 15.        —         p.  101. 

SCHIMPFF.  —  Der  elektrische  Betrieb  der  Bahn 
ankenese-Ohlsdorf.  (3,800  W5rter,  3  Tabellen  &  Fig.) 


Ai-oblv  tikr  Blsenbabn^vesen.  (BerflR.) 

1906  621 .14 

x^hiy  fur  Eisenbabnwesen,  Heft  5,  September-Oktober,  p.  893. 

\'ELLGUTH.  —  Die  beutigen  Kosten  des  Automobil- 
mnibusbetriebes.  (9,000  Warier  &  Tabellen.) 


1906  313  .385  (.47) 

rduT  fiir  Eisenbahnwesen,  Heft  5,  September-Oktober,  p.  949. 

MERTENS.  —  Die  russischen  Eisenbahnen  im 
ihre  1903.  (3,000  WOrter  &  TabeUen.) 

1906  313 .385  (.43) 

xhiv  fur  Eisenbahnwesen,  Heft  5,  September-Oktober,  p.  995. 

THAMER  (C).  —  Die  Guterbewegiing  auf  deutschen 
senbabnen  im  Jahre  1905  im  Vergleich  zu  der  in  den 
hren  1902,  1903  und  1904.  (400  W6rter  &  Tabellen.) 


1906  313  .385  (.485) 

xrhiy  fur  Bisenbahnwesen,  Heft  5,  September-Oktober,  p.  1033. 

Die  Eisenbahnen  in  Scbweden  im  Jahre  1903-1904. 
X)  Wftrter  &  Tabellen.) 


1906  313  .385  (.45) 

"chiv  ftkr  Eisenbahnwesen,  Heft  5,  September-Oktober,  p.  1043. 

Die  Betriebsergebnisse  der  italienischen  Eisenbahnen 
I  Jahre  1903.  (700  W5rter&  Tabellen.) 


1906  313  .385  (.439) 

•chiv  fur  Eisenbabnwesen,  HeftS,  September-Oktober,  p.  1059. 

NAGEL    (R.).    —    Die    Eisenbahnen    Ungarns    im 
hre  1904.  (500  W5rter  &  Tabellen.) 


Beton  und  Elaen.  (Btrllii.} 

1906  624.  (01 

Beton  und  Eisen,  Heft  VIII,  August,  p.  200. 

ANDERSEN  (S.  M.).  —  Belastungsversuche  mit 
Yisintinitragern  ftir  Gleistiberftthrnng  in  Danemark. 
(1,000  WOrter,  1  Tabelle  &  Fig.) 


1906  624 .3 

Beton  und  Eisen,  Heft  IX,  September,  p.  220. 

Gittertragerbrucken,  System  Visintini.  (2.400  W5rter, 
1  Tabelle  &  Fig.) 


Elektrlaobe  BAbnen  an<l  Betrtebe* 
aEeltscbrtIt  tar  Verkebrs-  und  Traiiapoi*t'weaen« 


1906  621  .33 

Elektrische  Bahnen  und  Betriebe,  N'  23, 14.  August,  p.  432. 

HERZOG  (S.).  —  Der  elektrische  Betrieb  im  Simplon- 
tunnel.  (1,000  WOrter  &  Fig.) 


1906  625 .143.5 

Elektrische  Bahnen  und  Betriebe,  N'  24,  24.  August,  p.  449. 

STEINER   (F.).   —  Der  Scheinig  und  Hofmannsche 
Schienenschuh  in  seiner  neuen  Gestalt.  (2,200  Wdrter,    ^ 
1  Tabelle  &  Fig.) 

1906  621  .335 

Elektrische  Bahnen  und  Betriebe,  N^  24,  24.  August,  p.  459. 

Benzin- elektrische    Selbstfabrer    im    Bahnbetriebe. 
(1.800  W5rter&  Fig.) 


1906  621  .336 

Elektrische  Bahnen  und  Betriebe,  N'  26, 14.  September,  p.  489. 

SCHEERER.  —  Fahrdraht-KraftanschlOsse  bei  elek- 
Irischen  Slrassenbahnen.  (2.500  WOrter,  1  Tabelle 
&  Fig.)  

tAcb^Mrelxerlaeht?  Baiizeltuu|$.  (Zlriok.} 

1906  621  .33  (.494) 

Schweixerische  Bauzeitung,  N'  9,  i.  September,  p.  101. 

KILCHMANN  (C).  —  Eleklrizilalswerk  Luzern- 
Engelberg.  (2,400  W5rter  &  Fig.) 


Zeltoobrlft  des  4k«terrelcblacben  Inftenleur-  i&nd 
A.rcbltekten-Verelnea.  (WIm.) 

1906  621 .131.1 

Zeit.  des ost.  Ingen.- und  Archit.-Ver.,  N'  32, 10.  August,  p.453. 

SANZIN  (R.).  —  Das  Leistungsgebiet  der  Dampfloko- 
motive.  (\800  WOrter,  Tabellen  &  Fig.) 
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Zeltuan   dea   Verelna   deutacher    Blaenbalm- 
ver^valtunsen.   rB«rNii.) 

i906  656 .24 

:eitung  des  Vereins,  N'  61,  11.  August,  p.  965. 

COERMANN  (W.).  —  Die  Erstreckung  der  Eisenbahn- 
mflpflicht  auf  Sach?chaden.  (1,800  W5rter.) 


1906  656 .235.7 

5eilung  des  Vereins,  N'  63, 18.  August,  p.  993. 

GIESE  (E.)  &  BLUM.  —  Beitrttge  zur  Sluckgutbefor- 
lerung  auf  unicrikani.schen  Bahneu.  (2,700  WOrter 
feFig..  

1906  656 .253 

Seitung  des  Vereine,  N'  65,  25.  August,  p.  1025. 

MARTENS  (H.  A.).  —  Das  Ueberfahren  der  Halt- 
lignale  durch  GiiterzQge.  (3.200  Wttrter  &  2  Tabellen.) 


1906  656  .222.1  (.73) 

Eeilung  des  Vereins,  N'  66,  29.  August,  p.  1037. 

KUNTZEMULLER  (A.).  —  Der  Empire  State  Express- 
nig.  (2,500  W5rter,  1  Tabelle  &  Fig.) 


1906  656 .253 

Keitung  des  Vereins,  N'  70,  12.  September,  p.  1089. 

;   WijRTZLER  (W.).   —    Elektrisch   betriebene   Vor- 
Mgnale.  ( 1 ,700  W6rter  &  Fig.) 


In  Engrlish 


Amei*lo«ii    Engineer 
and   itallroad   Jlouraal.   (Htw  YmIc. 

1906  621  .132.8 

American  Engineer  &  R.  Journal,  No.  8,  August,  p.  291. 

Four  cylinder  balance  simple  locomotive.  (1,000 
lords  &  fig.) 

1906  385  .523  &  621  .7 

American  Engineer  <&  R.  Journal,  No.  8,  August,  p.  304. 

COZAD  (W.  S.).  —  A  rational  method  for  the  intro- 
duction and  management  of  piece-Avork  in  a  railroad 
ihops.  (2,600  words  &  fig.) 


1906  621 .132.8 

American  Engineer  &  R.  Journal,  No.  9,  September,  p.  332. 

Sleam  motor  car.  ifidO  words  &  fijr.) 


1906  621 .132.5 

American  Engineer  &  R.  Journal,  No.  9,  September,  p.  334. 

Consolidation  locomotive  with  Allfree  Hubbell  cylin- 
lers  and  valves.  (1,:200  words  ^^g.) 


Balletin  oftbe  American  itall^way  Bn^tneerlni; 
and  Maintenance  of  mray  Association.  (OMoago.; 

1906  624.  Oi 

Bull.  Amer.  Ry.  Eng.  <&  Maint.  of  Way  Ass.,  No.  77.  July.  p.  3. 

Recommended  practice  in  contracting  for  steel  railroad 
bridges.  (4,000  words,  3  tables  &  ^^,) 


Bulletin  or  the  International  Rall'way  Conf(i*«>«"'. 

(BnraMlt.) 

1906  «  621  .133  2 

Bulletin  of  the  Railway  Congress,  No.  9,  September,  p.  1345. 

BUSSE  (0.).  —  Note  on  the  tightness  of  foundation 
rings.  (900  words.) 

1906  625  .143.4  &  625  .142.2 

Bulletin  of  the  Railway  Ck)ngress,  No.  9,  September,  p.  1348. 

BARSCHALL  (Max).  —  Wheel  carrying  rail  joints 
and  tie  preservation.  (1,500  words  &  fig.) 


1906  621 .131.1 

Bulletin  of  the  Railway  Congress,  No.  9,  September,  p.  1355. 

SCHLOSS  (Dr.  Karl).  —  Note  on  determining  the 
power  of  locomotives  by  means  of  the  speed  curves. 
(2,800  words,  1  table  &  fig.) 


1906  621 .134.3 

Bulletin  of  the  Railway  Congress,  No.  9,  September,  p.  1365. 

Superheated  steam  on  the  Canadian  Pacific  Railway. 
(4,000  words  &  3  tables.) 

1906  621  .33 

Bulletin  of  the  Railway  Congress,  No.  9,  September,  p.  1373. 

Electric  traction  (question  VIII,  7^ session).  Discussion. 
(22,500  words  &  ^g.) 


1906  621  .33 

Bulletin  of  the  Railway  Congress,  No.  9,  September,  p.  1421. 

ROTA  (C.)  &  GRISMAYER  (E.).  —  Electric  traction 
(question  VIII,  7^^  session).  Letter  on  Mr.  Victor  Tremon- 
tani's  report  No.  4.  Appendix  to  the  discussion.  (300  words.) 


1906  621 .33 

Bulletin  of  the  Railway  Congress,  No.  9,  September,  p.  1422. 

GULACSY  (Coloman  de).  —  Electric  traction  (ques- 
tion VIII,  7^^  session).  Remarks  on  Mr.  Victor  Tremontani's 
report  No.  4.  Appendix  to  the  discussion.  (4,300  words.) 


1906  625  .233  &  625  .234 

Bulletin  of  the  Railway  Congress,  No.  9,  September,  p.  1429. 

Lighting,  heating  and   ventilation  of  trains  (ques- 
tion IX,  7*^  session).  Discussion.  (18,200  words  &  2  tables.) 
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1906  313  .385  (.3) 

Kulletin  of  the  Railway  Congress,  No.  9,  September,  p.  1468. 

The  world's  railways.  (2  tables.) 


1906  621  .132.8 

bulletin  of  the  Railway  Congress,  No.  9,  September,  p.  1473. 

Union  Pacific  motor  car  No.  7.  (650  words  &  ^g.) 


1906  625 .241 

Uilletin  of  the  Railway  Congress,  No.  9,  September,  p.  1474. 

200,000  lb.  capacity  flat  car.  (950  words  &  ^g,) 


1906  625 .242 

bulletin  of  the  Railway  Congress,  No.  9,  September,  p.  1476. 

50-ton  ironstone   wagon;   North    Eastern    Railway. 
1,600  words  &  fig.) 


1906  656 .211.5 

^lletin  of  the  Railway  Congress,  No.  9,  September,  p.  1483. 

Butterfly  station  platform  canopies  on  the  New  York 
Central  (450  words  &  &g.) 


1906  666  .28  (01 

Bulletin  of  the  Railway  Congress,  No.  9,  September,  p.  1485. 

Colonel  H.  A.  Yorke's  report  on  the  accident  of 
January  2,  1906,  between  Strathaven  and  Stonehouse  on 
the  Caledonian  Railway.  (4,300  words  &  &g.) 


1906  385.  (09.2 

Bulletin  of  the  Railway  Congress,  No.  9,  September,  p.  1491. 

Obituary  :  Ernest  Bijlg^.  (850  words  &  portrait.) 


1906  016  .385.  (02 

Bulletin  of  the  Railway  Congress,  No.  9,  September,  p.'  85. 

Monthly  bibliography  of  railways.  —  Books.  (20  labels.) 

1906  016.385.(05 

Bulletin  of  the  Railway  Congress,  No.  9,  September,  p.  87. 

Monthly  bibliography  of  railways.  —  Periodicals. 
191  labels.) 


Bii0lneer«  (LeaiM.) 


656  .211.7 


1906 

tngineer.  No.  2646,  September  14,  p.  263. 

The  transporter  bridge  at  Newport.   (2,800  words 
kfig.) 


;  1906 

^igineer.  No.  2646,  September  14,  p.  271. 

Compound  locomotives.  (1,300  words.) 


621 .134.4 


1906  385  .1  (.42> 

Engineer,  No.  2647,  September  21,  p.  297. 

The  railways  of  the  United  Kingdom.  (1,500  words.) 


JBiiKln««ei*lta|i.  (LsmImu] 

1906  656 .211.5 

Engineering,  No.  2125,  September  21,  p.  380. 

Electric  passenger-lifts  for  the  Baker-Street  and  Wa- 
terloo  Railway.  (4,500  words  &  ^g.) 


1906  621 .132.4 

Engineering,  No.  2125,  September  21,  p.  385. 

Yauclain  balanced  compound  locomotive  for  the 
Chicago  and  Eastern  Illinois  Railroad.  (1,600  words  & 


1906  385  .1  (.42) 

Engineering,  No.  2125,  September  21,  p.  391. 

British  railway  economics.  (2,600  words.) 

1906  669  .1 

Engineering,  No.  2125,  September  21,  p.  401. 

YORK  (J.  E.).  —  Improvements  in  rolling  iron  and 
steel.  (3,500  words  &  &g,) 


1906  669 .1 

Engineering,  No.  2125,  September  21,  p.  405. 

STEAD  (J.  E.).  ^  Segregation  in  steel  ingoU.  (3,000 
words.) 


Bnf(lneerlii8  BlasAzliie.  (LoMtoii.} 


621.7 


1906 

Engineering  Magazine,  September,  p.  897. 

JACOBS  (H.  W.).  —  Organization  and  economy  m 
the  railway  machine  shop.  (2,900  words  &  ^g,) 


Bttslneerlng  IVeiws*  (New  Tert.) 

1906  625 .14  d  625  .4 

Engineering  News,  No.  5,  August  2,  p.  113. 

The  track  construction  of  underground  railways. 
(4,500  words  &  fig.) 

1906  625 .12^ 

Engineering  News,  No.  6,  August  9,  p.  142. 

I       NEELY  (S.  T.).  —  The  cost  of  steam  shovel  work  m 
railway  betterment.  (3,000  words  &  fig.) 


Digitized  by 


Google 
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Journal  ot  tbe  mrestern  Society  of  EnglneerA. 

(CMo«0«.) 

1906  621 .338 

Journal  of  the  Western  Society  of  Engineers,  No.  3,  June,  p.  269. 

STARRING  (M.  B.)  &  FLEMING  (H.  B.).  —  Electric 
slrcet  cars  for  city  service  (7,500  words,  1  table  &  ^g,) 


1906  62.  (01 

rournal  of  the  Western  Society  of  Engineers,  No.  3,  June,  p.  297. 

SMITH  (E.  G.).  —  Urban  tendencies  of  population  as 
iflfecting  the  problems  of  engineer.  (10,000  words  & 
2  tables.) 


1906  eU.  (01 

Journal  of  the  Western  Society  of  Engineers,  No.  3,  June,  p.  321. 

CURTIS  (W.  T.).  —  A  new   method  of  calculating 
bridge  stresses  by  means  of  end  shears.  (4,500  words  & 

fig.) 


1906  625 .13 

Journal  of  the  Western  Society  of  Engineers  ,No.  3,  June,  p.  332. 

MERRICK  (A.  W.).  —  The  Clay  slide  at  the  Boone 
viaduct,  Boone,  Iowa.  (7,500  words  &^g.) 


ProoeecHns*    ^^   ^be    A.iiierioan    Society 
or  Civil    Bnslneera.   (Mtw  Ytrk.) 

1906  625 .13 

Proceed,  of  the  Amer.  Soc.  of  Civil  Eng.,  No.  6,  August,  p.  440. 

CHURCHILL  (C.  S.).  —  The  ventilation  of  tunnels 
5,000  words  &  ^g,) 


Proceedlns*   of  the    Institution 
of  Givli  Engineers.  (Loiitfoii.) 

1905-1906  625 .112 

Proceedings  of  the  Inst,  of  Civil  Eng.,  vol.  CLXI V,  p'  II,  p.  196. 

UPCOTT  (F.  R.).  —  The  railway-gauges  of  India. 
[45,000  words,  tables  &  fig.) 


1905-1906  621 .131 

Proceedings  of  the  Inst,  of  Civil  Eng.,  vol.  CLXIV.  p»  II,  p.  329. 

DALBY  (W.  E.).  —  The  economical  working  of  loco- 
motives. (4,000  words,  5  tables  &  fig.) 


Reilroed  Gazette.  (Mow  York.) 

1906  385 .112 

Railroad  Gazette,  No.  10,  September  7,  p.  203. 

Unit  costs  of  railroad  building.  (450  words  &  fig.) 


Rall^way    Engineer.   (Loadoa.) 

1906  626  .13  d  625  .4 

Railway  Engineer,  No.  319,  August,  p.  244. 

The  New  York  subway.  (3,600  words  &  ^g,) 


1906  621 .132.3 

Railway  Engineer,  No.  320,  September,  p.  289. 

**  Atlantic "   engines ;   North  British  Railway,   (350 
words  &  fig.) 


Rali^vtray  and  Bnglneerlns  Revieiw.  (OMoafV.) 

1906  621 .134.2 

Railway  and  Engineering  Review,  No.  30,  July  28,  p.  570. 

Haberkom   crankless   valve    gear   for  locomotives. 
(1,100  words  &  fig.) 

1906  621 .134.3 

Railway  and  Engineering  Review,  No.  31,  August  4,  p.  587. 

Poppet  valves  on  locomotives.  (2,400  words  &  fig.) 


1906  621 .338 

Railway  and  Engineering  Review,  No.  32,  Auguit  11,  p.  606. 

SMITH  (W.  N.).  —  The  electric  car  equipment  of  the 
Long  Island  Railroad.  (4,200  words  &  fig.) 


1906  625 .232 

Railway  and  Engineering  Review,  No.  32,  August  11,  p.  612. 

Interurban    test    car  of  the  university   of  Illinois. 
(1,600  words  &  fig.) 

1906  621 .33 

Railway  and  Engineering  Review,  No.  32,  August  11,  p.  617. 

Problems  of  heavy  electric   traction.    (3,200  words 

&^g.) 

1906  625  .142.3  A  625  .142.4 

Railway  and  Engineering  Review,  No.  33,  August  18,  p.  627. 

Steel  and  concrete-steel  ties  on  the  L.  S.  &  M.  S.  Ry. 
(1,600  words  &  fig.) 

1906  621 .13  d  621  .33 

Railway  and  Engineering  Review,  No.  36,  September  8,  p.  688. 

Parallel  mileage  of   electric   and    steam  railroads. 

(3,200  words  <&  fig.) 


Rall'vtray  Gazette.  (LoMltB.) 

1906 

Railway  Gazette,  No.  5,  August  3,  p.  144. 

The  Carnegie  steel  tie.  (900  words  &  fig.) 


625  .142.3 
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Railway  Gaiette,  No.  5,  August  3,  p.  146. 

VAN  ALSTYNE  (D.).  —  Some  essentials  in  locomotive 
boiler  design.  (2,800  words  &  fig.) 


1906  666 .256.3 

Railway  Gasette,  No.  6,  August  10,  p.  174. 

Combined  manual  and  automatic  block  signaling  on 
the  C,  N.  0.  &  T.  P.  (600  words  &  fig.) 

1906  621 .132.7 

Railway  Gaiette,  No.  7,  August  17,  p.  194. 

Heavy  switching  locomotive  for  the  Pittsburg  &  Lake 
Erie.  (400  words  &  fig.) 


Rallmray  Maohlnerir*  iNtw  Ytrfc.) 

1906  621 .135.3 

Railway  Machinery,  August,  p.  617. 

FOWLER  (G.  L.j  &  MELLIN  (C.  J.).  —  The  designmg 
of  a  locomotive.  —  Spring  rigging  and  equalizers. 
(2,000  words  &  fig.) 


1906  621 .134.3 

Railway  Gasekte,  No.  7,  August  17,  p.  198. 

MELLIN  (C.  J.).  —  Special  vaWe  gears  for  locomo- 
tives. (4,200  words  &  fig.) 


1906  666 .222.6 

Railway  Gasette,  No.  8,  August  24,  p.  214. 
—  No.  9,     —      31,  p.  247. 

STEPHENSON  (W.  T.).  —  Some  principles  of  freight 
traffic  working.  (3,200  words,  2  tables  &  fig.) 


1906  626 .215 

Railway  Gaxette,  No.  9,  August  31,  p.  250. 

RAYMOND  (W.   G.).  —  Curve  resistance.   (2,200 
words  &  fig.) 


1906  621  .132.3 

Railway  Gaxette,  No.  10,  September  7»  p.  276. 

Four  cylinder  compound  express  locomotive  for  the 
Prussian  State  Railways.  (700  words  &  fig.) 


1906  624 .1 

Railway  Gazette,  No.  11,  September  14,  p.  300. 

A   novel   method    of  cylinder   pier   reinforcement. 
(5,200  words  &  fig.) 

1906  621  .136.3 

Railway  Gazette,  No.  11,  September  14,  p.  309. 

Water  pick-up   apparatus,  Great  Eastern  Railway. 
(400  words  &  fig.) 


1906  386 .112 

Railway  Gazette,  No.  12,  September  21,  p.  327. 

Unit  costs  of  railroad  building.  (450  words  &  fig.) 


1906  656  .222.1  (09.3  (.42) 

Railway  Magazine,  No.  110,  August,  p.  108. 

Speed  of  trains  and  development  of  services.  (3,500 
words  &  fig.) 

1906  621  .13  (09.3  (.42) 

Railway  Magazine,  No.  110,  August,  p.  118. 
The  locomotives.  (1,800  words  &fig.) 


1906  625  .232.  (09.3  (.42) 

Railway  Magazine,  No.  110,  August,  p.  127. 

Royal  travellers.  (1,400  words  &  fig.) 

1906  625  .231 .  (09.3  (.42) 

Railway  Magazine,  No.  110,  August,  p.  133. 

Progress  in  railway  carriage  building.  (2,200  words 

&H')  

1906  625  .232.  (09.3  (.42) 

Railway  Magazine,  No.  110,  August,  p.  139. 

Growth  of  third-class  travel.  (2,100  words  &  ^g,) 


1906  656  .222.1  (09.3  (.42) 

Railway  Magazine,  No.  110,  August,  p.  145. 

ROUS-MARTEN  (C).  —  Some  **  diamond  jubilee  " 
runs.  (2,000  words  &  hg.) 

1906  656  .222.6(09.3  (.42) 

Railway  Magazine,  No.  110,  August,  p.  163. 

The  goods  department.  (2,800  words  &  &g,) 

1906  659.  (09.3  (.42) 

Railway  Magazine,  No.  110,  August,  p.  172. 

Railway  advertising.  (2,200  words  &  fig.) 

1906  625  .1(09.3  (.42) 

Railway  Magazine,  No.  110,  August,  p.  180. 

Permanent  way  and  works.  (1,400  words  &  fig.) 


1906  656  .25  (09.3  (.42) 

Railway  Magazine,  No.  110,  August,  p.  186. 

The  growth  of  signalling  during  sixty  years.  (1,000 
words  &^g.) 

1906  656  .262.  (09.3  (.42) 

Railway  Magazine,  No.  110,  August,  p.  191. 

Railway  hotels  on  wheels-  and  otherwise.  (2,800  words 
&&g.) 
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1906  621  .14  (09.3  (.42)  &  621  .132.8  (09.3  (.42) 

Railway  Magazine,  No.  110,  August,  p.  201. 

Motor  car  services.  (1.800  words  &  fig.) 


1906  621 .132.1  (.42) 

Railway  Magazine,  No.  Ill,  September,  p.  238. 

ROUS-MARTEN  (C).  —  British  locomotive  practice 
aud  performance.  (3,000  words  &fig.) 


1906  656  .25  (01  (.73) 

Railway  Magazine,  No.  Ill,  September,  p.  249. 

Railway  signalling  in  America.  (2,200  words  &  fig.) 

1906  656.257 

Railway  Magazine,  No.  Ill,  September,  p.  267. 

How  trains  are  controlled.  (1,800  words  &  fig.) 


Rall^xray  and  Liooomotlve  Bni^neerlnK.  (Il«w  Ytrfc.) 

1906  624 .8 

Railway  and  Locomotive  Engineering,  No.  9,  September,  p.  399. 

Bascule  bridges.  (2,400  words  &  fig.) 


Rall^ray    Tliiie»«  (London.) 

1906  621 .132.4 

Railway  Times,  No.  8,  August  25,  p.  209. 

New  bogie  goods  engines  for  the  Caledonian  Railway. 
(400  words  &  fig.) 

1906  621  .132.8 

Railway  Times,  No.  9,  September  1,  p.  237. 

RICHES  (T.  H.)  &  HASLAM  (S.  B.).  —  Railway 
motor  car  traffic.  (2,500  words,  1  table  &  fig.) 


Ifttreet  Rall^nray  Journal.  (Now  York.) 

1906  621  .33 

Street  Railway  Journal,  No.  5,  August  4,  p.  184. 

Operating  results  on  the  Lancashire  &  Yorkshire 
electric  division.  (1,800  words  &  fig.) 


1906  621 .338 

Street  Railway  Journal,  No.  6,  August  11,  p.  216. 
—  -_        No.  7,      —      18,  p.  250. 

SMITH  (W.  N.).  —  The  electric  car  equipment  of  the 
Long  Island  Railroad.  (11,500  words  &  ^%.) 


1906  624 .63 

Street  Railway  Journal,  No.  9,  September  1,  p.  343. 

A  single  track,  rein  forced-concrete  electric  railway 
bridge  near  Belvidere,  111.  (2,500  words,  1  table  &  fig.) 


1906  621 .33  (01 

Street  Railway  Journal,  No.  10,  September  8,  p.  378. 

ASHE  (S.  W.).  —  Interurban  train  testing  apparatus. 
(2,200  words  &  t^.) 

1906  624.  (01 

Street  Railway  Journal,  No.  11,  September  15,  p.  398. 

SCHNEIDER  (C.  C).  —  Bridges  for  electric  railways. 
(5,500  words,  tables  &  t^.) 


Xram^ray  A   Rall^ray   l^orld.  (London.) 

1906  656 .211.7 

Tramway  &  Railway  World,  September,  p.  247. 

Newport  transporter  bridge.  (2,500  words  &  fig.) 


In    Italian. 


Olornale    del    ftenlo    civile* 


(Roma.) 

721  .9  (01 


1906 

Giornale  del  genio  civile,  luglio,  p.  373. 

PANETTI  (M.).  —  Risultati  di  esperienze  sul  cemeoto 
armato  a  tensione  semplice  ed  a  flessione,  con  riguardo 
speciale  ai  fenomeni  che  si  verificano  in  seguito  alio 
scaricamento.  (3,400  parole.) 


621.33 


1906 

Giornale  del  genio  civile,  luglio,  p.  389. 

La  trazione  elettrica  suUe  ferrovie  Valtellinesi.  (1,400 
parole.)  ^ 


IiiSef;nerla  rei*rovlai4a. 

1906  621 .33 

Ingegneria  ferroviaria,  n^  16,  16  agosto,  p.  245. 

CROSA  (V.).  —  La  trazione  elettrica  sul  tronco  di 
ferrovia  Pontedecimo-Busalla.  (2,400  parole.) 


1906  621  .13  (06.4 

Ingegneria  ferroviaria,  n®  16,  16  agosto,  p.  247. 

Le  locomotive  estere.  (550  parole  &  fig.) 

1906  621  .132.8  &  656  .27 

Ingegneria  ferroviaria,  n®  16, 16  agosto,  p.  253. 

SCOPOLI  (E.).  —  Progetto  di  un  treno  economico. 
(1,600  parole  &  fig.) 

1906  625  .2  (06.4 

Ingegneria  ferroviaria,  n»  17,  1®  settembre,  p.  267. 

CERRETI  (U.).  —  L'esposizione  di  Milano.  —  Vagoni 
postali.  (900  parole  &  fig.) 
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In  Spanish. 


Oaioeta   de   lo«   oaminos    de    lilerro.  (MatfrM.) 

1906  621 .132.5 

Gaoeia  de  los  caminos  de  hierro,  u9  2608,  !•  de  septiembre,  p.  389. 

OLIVARES  (L.  Z.).  —  La  locomotora  compound  m&s 
pequena  del  mundo.  (1,200  palabras  &  tif;.) 


In    Dutch. 


1906  625  .1  (.492 

Ingenieur,  n'  37,  15  September,  p.  671. 

Spoorwegen  in  en  rondom  Utrecht.  (6,000  woorden 
&fig.) 
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I.  —  BIBi:.IOGRA.PHir    OF    BOOKS 

(November,  1906.) 


In  French. 


1906  697 

HEYNINX  (M.)»  architecte  en  chef  du  service  special  des 

bitiments  civils. 
L  installation  des  appareils  de  chaaffage  et  de  ventilation 

dans  le  batiment  sitae  rne  Ducale,  a  Bruxelles,  et  destine 

uux  Administrations  centrales  des  postes  et  de  la  marine. 
Hruxelleii,  J.  Ooemaere.  In-8°,  35  pages  et  IV  planches  hors 

tex'e.  (Prix  :  2  fr.  50  c.) 

1906  621  .116.  (02 

JAUNEZ  (A.). 

Manuel  dnchaufTeor.  Guide  pratique  a  I'usage  des  meca- 
niciens,  chautfeurs  et  proprietaires  de  machines  a  vapeur. 
Nouvelle  edition,  augmentee  d*une  etude  sur  les  nouvelles 
chaudieres  multitubulaires  par  Thivet(H.),  ingenieur  des 
aits  et  manufactures. 

Paris,  Hetzel.  In-16,  272  pages,  51  figures.  (Prix  :  4  francs.) 


1905  621  .14 

RODIER  (H.). 

Traction  sur  routes.  Automobiles,  vapeur,  petrole,  Elec- 
tricity. 

Paris.  1  volume  in-4*',  209  pages. 


1906  621  .336.  (01 

ROESSLER  (G.),  professeur  A  I'^cole  technique  sup^rieure 

de  Dantzig. 

Th6orie  et  caloal  des  lignes  i  courants  altematifs.  Traduit 

de  I'allemand  par  Stkinmann  (E.),  professeur  a  Tecole  de 

mecanique  de  Geneve. 

Paris,  B6ranger.  1  volume  in-S^,  60  figures  dans  le  texte  et 

7  planches  hors  texte.  (Prix  :  12  francs.) 


1906  621  .2 

STODOLA  (A.),  professeur  a  I'ecole  polytechnique  f6d6rale 
de  Zurich. 

Les  turbines  k  vapeur.  Ouvrage  suivi  de  considerations 
sur  les  machines  thermiques  et  leur  avenir  ainsi  que  sur 
la  turbine  a  gaz.  Traduit  d'apres  la  3®  Edition  allcmande 
par  Hahn  (E.),  ingenieur,  directeur  du  laboratoire  de 
mecanique  appliquEe  k  runiversitE  de  Nancy. 

Paris,  Dunod  &  Pinat.  In-8°,  vin-636  pages,  434  figures. 
(Prix  :  25  francs.) 

1906  62.  (01 

ZULIGH  (K.j,  inspecteur  des  travaux  hydrauliques. 

La  statique  appliqu6e  k  la  resistaooe  des  mat^riaux  et  auz 
constructions  oiviles.  Traduit  de  Tallemand  par  Thibaut 
&  HUBLET  (E.). 

Paris,  Dunod  &  Pinat.  In-8®,  avec  figures.  (Prix  :  12  fr. 
50  c.) 


t})  The  numbers  placed  over  the  title  o.  each  book  are  Uiose  ol  the  decimal  dassiflcation  proposed  by  the  Railway  Congress  conjointly 
with  the  Office  Bibliographique  International,  of  Brussels.  (See  **  Bibliographical  Decimal  Glasaiflcation  as  applied  to  Railway  Science, "  by 
L.  Wbssbnbrucb,  in  the  number  for  November,  1807.  of  the  BuUetin  of  the  International  Railway  Congreu^  p.  1500.) 

N.  B*  —  Tbe  Monthly  Bibliography  is  printed  on  one  side  only  so  that  it  may  be  out 
^^^^  np  into  slips  and  pasted  on  labels  for  catalogues  and  indexes. 
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In  German. 


1906  621  .33 

BERTHOLD  (Max). 

Die  Verwaliuigtprazis  bei  IlektrisiUttwerken  lud  elek- 
tritohen  Strassen-  lud  Klein]»ahn«n. 

Berlin,  Julius  Springer,  ln-8*.  (Preis  :  8  Mark.) 


1906  385  .1  (.431) 

BIEDERMANN  (E.),  Konigl.  Eisenbahn-Bau-  und  Betriebs- 

inspektor  in  Magdeburg. 

Lie  wirtBohaftlidie  Intwiokelang  der  preassitehtn  Staats- 

eisenbahnen,  verantekaulioht  m  T&bellen  and  grapkisohen 

Darstellimgeii. 

Berlin,  J.  Springer,  (Preis  :  3  Mark.) 


1906  313  .385  (.43) 

GESCHAFTSFUHRENDEN  VERWALTUNG  DES  VER- 
EIMS. 

Statistitohe  Naohriohten  you  den  Eisenbaknan  det  Ytreins 
deuticker  EiaeAbakn-VervaLtongen  f&r  du  Roeknongtjakr 
1904. 

Berlin.  55.  Jahrgang,  273  Seiten  in  Folio. 


666  .256 


1906 
GOLLMER. 

Die    BloekiiekaniBgi-Eiiiriektiing  auf  dtn  prenttiioken 
Staattbahnen. 
Paris,  Dunod  &  Pinal,  In-8o.  (Preis  :  2  fr.  75  c.) 


621  .132.8  d  621  .335 


1906 

HELLER  (Arnold),  Ingenieur. 

Der  aufeomobilmotor  im  SiMiibakiibetriebe. 

Leiptig,  Ricbard  Carl  Schmidt  d  Co.,  G.  Schdnfelds  Ver- 
lagsbttchhandlung.  82  Abbildungen  im  Text.  (Preis  :  2.80 
Mark.) 


1906  691 

PROBST  (E.),  Ingenieur. 

Dai  Zatamfflenwirkan  Ton  Baton  nnd  liten. 

Berlin,  W.  Ernst  d  Sobn.  In-8o,  60  Seiten,  9  Figuren. 
(Preia  :  3  Mark.) 

1906  685  .171.  (02 

SCHUBERT  (E.),  Geb.  Baor. 

Kataekiimiu  fOi  dan  Baknwirtei-Dianat.  Nach  den 
neuesten  Yorscbriften  ergftnzt  durch  Reg.-  und  Baur. 
K.  ▼.  Zabibns&t. 

Wiesbaden,  J.  F.  Bergmann.  11.  Auflage.  In-8^,  yu-148 
seiten  mit  102  Abbildungen.  (Preia  1 1.60  Mark.) 


1906  656  .257.  (02 

SCHUBERT  (E),  Geh.  Baur. 

Katechismas  fdr  den  Weiokenstellerdienit.  Ein  Lehr-  und 
Nachscblagebuch  fttr  StellwerkswILrter,  Weicbensteller, 
Hil£sweicbensteller  und  RottenfOhrer.  Nach  den  neuesten 
Vorschriften  ergftuzt  durch  Reg.-  und  Baur.  R.  v.  Zl- 

BIBNSKT. 

Wiesbaden.  J.  P.  Bergmann.  In-S®,  vui-176  Seiten  mit 
101  Abbildungen.  (Preis  :  1.60  Mark.) 


721  .9  (01 


1906 

SCHUELE. 

Betultate  der  Untertuobnng  yon  armierten  Baton  anf  reine 
Zngfettigkeit. 

Paris,  Dunod  d  Pinat.  In-8».  (Preis  :  13  fr.  75  c.) 


In    English. 


1906  681  .14  (02 

AUTOMOBILE  CLUB  d  MOTOR  UNION   OF  GREAT 

BRITAIN  &  IRELAND. 
The  automobile  handbook,  1906. 
London,  P.  S.  Kiiigd  Son.  (Price  :  3<.) 

1906  624.  (01 

BUEL  (Albert  W.). 

General  tpeoiilcationa  for  steel  railroad  bridges  and  stme- 
tores.  With  a  section  making  them  applicable  to  highway 
bridges  and  buildings. 

New  York,  The  Engineering  News  Publishing  Company. 
(8  3/4  X  6  inches),  61  pages,  diagrams  and  tables.  (Price  : 
50  cents.) 

1906  62.(02 

CARPENTER  (Roila  Ginton). 

Experimental  engineering  and  manual  for  testing;  for 
engineers  and  for  students  in  engineering  laboratories. 

New  York,  John^Wiley  d  Sons.  Sixth  edilion,  &▼<>  cloth, 
19  4-  B43  pages,  illustrations,  diagrams.  (Price  :  $6.) 

1906  684.  (01 

COOPER  (Theodore),  consulting  engineer. 

General  speoilloations  for  steel  railroad  bridges  and 
viaduots. 

New  Vork,  The  Engineering  News  Publishing  Company, 
(d  Vs  X  7  inches),  36  pages.>(Price  :  50  cents.) 

1906  385 .15 

CUNNINGHAM  (W.). 

Should  our  railways  be  nationalised  ? 

Dunfermline,  A.  Romanes  d  Son,  Press  Office.  Fourth 
edition,  (8  Vx  X  5  Va  inches),  295  pages.  (Price  :  2#.  6<f .) 
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621  .336 


906 

MIGHALKE  (Dr.  Carl). 

Stray  omronts  from  oleotrie  railways.  Translated  by  Otis 
lUen  Ken  YON. 

New  York,  McGraw  Publishing  Company.  (8X5  ^/^  inches), 
01  pages»  34  illustrations.  (Price  :  $1.50.) 

906  621  .13  (06 

RAILWAY  MASTER  MECHANIC'S  ASSOCIATION. 

Report  of  the  proceedings  of  the  thirty-ninth  annual 
onvention  held  at  Atlantic  City,  N.  J.,  June  18, 19  and  20, 
906. 

Chicago,  The  Henry  0.  Shepard  Company.  8vo  cloth, 
70  pages. 


656  .28  (01 


906 
RICHARDS  (R.C.). 

Railroad  accidents,  their  oanse  and  prevention. 
Chicago,  Association  of  Railway  Claim  Agents.  (7X4  ^/g 
Qches),  111  pages.  (Price  :  $1.) 


1906  385  .14  (.73) 

SMALLEY  (Harrison  Standish). 

Railroad  rate  control  in  its  legal  respects  :  a  study  of  the 
iffect  of  judicial  decisions  upon  public  regulation  of 
railroad  rates. 

New  York,  Macmillan.  Svo  cloth.  147  pages.  (Price :  $i.) 


In  Italian. 


1906  62.  (02 

GARUTI  (G). 

Mannale  dell'  ingegnare  civile  e  dell'  architotto. 

Turino,  F.  Casanova  e  C.  Terza  ristampa.  In-16,  zxnr-960 
pagine. 

1906  62.  (02 

Trattato  generale  teorico-pratico  dell'  arte  dell'  ingegnere 
civile,  indnstriale  ed  arohitetto. 
MiUno,  F.  Vallardi.  Fasc.  122-123,  in-8o,  1-64  pagine. 


721  .9  ( 


1906 

VACCHELLI  (Gius.),  ing. 

Le  costnuioni  in  caloestroxzo  ed  in  eemento  armato. 

Milano,  U.  Hoepli  (M.  Bellinzaghi).  Terza  edizione.  In-16o, 
xvj-383  pagine,  fig. 
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(October,  1906.) 


In  French. 


669  .1  (.42) 


Annales    de«    mines* 

1906 

Ajinales  des  mines,  join,  p.  722. 

BERNHEIM  (E.).  -^  L^unificaUon  des  profits  et  des 
Bp^ifications  techniques  en  Grande-Bretagne.  (5,400 
mots.) 


de«    ponUi 


et    cheniiadea*   (Paris.) 

624.  (01 


1906 

Anoales  de5>  oonts  et  cbauss^,  2«  trimestre,  d.  235. 

BIETTE  (L.).  —  D6placement  de  la  passerelle  de 
Passy.  (4,000  mots,  1  tableau  &  fig.) 

1906  625  .ill 

Anoales  dee  ponts  et  chauss^,  2*  trimestre,  p.  255. 

FARID-BOULAD.  —  Application  de  la  m^thode  des 
points  alignes  au  trac^  des  paraboles  de  degr6  quel- 
conque.  (2,700  mots  &  fig.) 


313  .385  (.82) 


1906 

Annales  des  poats  et  chauss^,  juin,  p.  564. 

Resultats  g^neraux  de  Texploitation  des  chemins  de 
fer  de  la  Republique  Argentine  pendant  les  ann^es  1903 
et  1902.  (6  tableaux.) 

1906  313  .385  (.436  + -439) 

Annales  des  ponts  et  chauss^es,  juin,  p.  568. 

Resultats  g^neraux  de  Texploitation  des  chemins  de 
fer  d*Autriche-Hongrie  pendant  les  ann^es  1903  et  1902. 
(5  tableaux.) 

1906  313  .385  (.41  +  .42) 

•  Annales  des  ponts  et  chauss^es,  join,  p.  570. 

Resultats  g^n^raux  de  Texploitation  des  chemins  de 
fer  du  Royaume-Uni  de  Grande-Bretagne  et  d*(rlande 
pendant  les  ann^es  1904  et  1903.  (9  tableaux.) 


Annelee    dee 


trevenx 

(I 


pnblloe    de    Bel#lqiie« 


1906  691 

Annales  des  traraux  publics  de  Belgique,  octobre,  p.  1009. 

DENIL  (G.).  —  La  d^ense  des  charpentes  en  m^tal 
ocntre  larouille.  (36,000  mots,  tableaux  &  ^g.) 


1906  624.(01 

Annales  des  tniTauz  publics  de  Belgique,  octobre,  p.  1127. 

VIERENDEEL  (A.).  —  Pieces  chargees  debout.  — 
Th6orie  nouvelle.  (8.500  mots,  1  tableau  &  fig.) 


bulletin    do    GonipreA    Interaetlonel 
dee    clieiiilne    de    fer.   (BmxellM.) 

1906  625  .216 

Bulletin  du  Congrts  des  chemins  de  fer,  no  10,  octobre,  p.  1141. 

DOYEN  (J.).  —  Les  tampons  de  choc  dans  les 
manoeuvres  et  dans  les  freinasres  des  trains  lonsrs. 
(1,600  mots  &  fig.; 

1906  621 .134.3 

Bulletin  du  Gongrte  des  chemins  de  fer,  no  10,  octobre,  p.  1149. 

L'emploi  de  la  vapeur  surchaufiT^e  sur  le  •*  Canadian 
Pacific  Railway  «.  (4,800  mots  &  3  tableaux.) 


1906  725  .31 

Bulletin  du  Gongr^  des  chemins  de  fer,  no  10,  octobre,  p.  1158. 

La  nouvelle  gare  du  «  Pennsylvania  Railroad  »  k 
New- York.  (1,800  mots  &  fig.) 


1906    '  621  .33 

Bulletin  du  Gongr^  des  chemins  de  fer,  no  10,  octobre,  p.  1165. 

MULLER  (W.  A.).  —  Les  chemins  de  ftr  et  tramways 
electriques  de  la  Suisse.  (7,700  mots,  5  tableaux  &  fig.) 

1906  365.(09.1  (.54) 

Bulletin  du  Gongr^s  des  chemins  de  fer,  no  10,  octobre,  p.  1189. 

BLUM  &  GIESE  (E.).  —  Le  service  des  voyageurs  sur 
les  chemins  de  fer  de  Ceylan.  (2,400  mots,  2  tableaux 
&  fig.) 

1906  656.23 

Bulletin  du  Gongrto  des  chemins  de  fer,  no  10,  octobre,  p.  1197, 

Trafic  suburbain  (question  XII,  7*  session).  Discussion. 
(12,700  mots.) 

1906  656 .235 

Bulletin  du  Congrte  des  chemins  de  fer,  no  10,  octobre,  p.  1225. 

Tarification  des  marchandises  k  petite  vitatse  (ques- 
tion Xm,  7*  session).  Discussion.  (15,500  mots.) 
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1906  656  .235  (.54) 

bulletin  du  Congrds  des  chemins  de  fer,  no  10,  octobre,  p.  1257. 

DRING  (William  A.).  —  Tarification  des  marchan- 
lises  a  petite  vitesse  (question  Xm,  7«  session).  Note  sur 
ei  tarification  des  marchandises  sur  les  chemins  de  fer 
les  Indes  anglaises.  Annexe  k  la  discussion.  (4,300  mots.) 


1906  625 .242 

Bulletin  du  Gongrds  des  chemins  de  fer,  n^  10,  octobre,  p.  1265. 

Wagon  de  30  tonnes,  pour  mineral  de  fer,  du  »  North 
Sastern  Railway  ».  (2,000  mots  &  fig.) 


1906  625 .245 

Bulletin  du  Congr^s  des  cbemins  de  fer,  no  10/octobre,  p.  1272. 

Wagon  de  -40  tonnes  pour  le  transport  des  pieces 
pondereuses.  (250  mots  &  fig.) 

1906  625 .216 

Bulletin  du  Ck>ngrte  des  chemins  de  fery  no  10,  octobre,  p.  1272. 

Appareil  d*atteiage  a  friction  et  support  lateral  avec 
pidce  basculante  construits  par  la  «  Cardwell  Manu- 
facturing Company  »,  k  Chicago.  (600  mots  &  fig.) 


1906  ^  621 .133.7 

Bulletin  du  Gongr^s  des  chemins  de  fer,  do  10,  octobre,  p.  1275. 

L'^cope  a  eau  du  •*  Great  Eastern  Railway  ».  (500  mots 
&fig.) 

1906  656 .215 

Bulletin  du  Ckmgrto  des  chemins  de  fer,  no  10,  octobre,  p.  1278. 

L'eclairage  de  cc  Victoria  Station  ».  (600  mots  &  fig.) 

1906  656 .211.5 

Bulletin  du  Gongrte  dee  chemins  de  fer,  no  10,  octobre,  p.  1279. 

Auvents-papillons  pour  quais  a  voyageurs  du  «  New 
York  Central  ».  (350  mots  &  fig.) 

1906  385.  (09.2 

Bulletin  du  Gongrte  des  chemins  de  fer,  no  10,  octobre,  p.  1282. 

Necrologie  :  Francis  William  Wbbb.  (750  mots.) 

1906  016 .385.  (02 

Bulletin  du  Congrto  des  chemins  de  fer,  no  10,  octobre,  p.  99. 

Bibliographie  mensuelle  des  chemins  de  fer.  —  Livres. 
(7  fiches.) 


1906  016  .385.  (05 

Bulletin  du  Gongrte  des  chemins  de  fer,  a*  10,  octobre,  p.  100. 

Bibliographie  mensuelle  des  chemins  de  fer.  —  PMo- 
diques.  (105  fictoi.) 


3i&lleUn    <te    la    iioel^t<»    de*    liigenleiir»    olvU» 
de    Pramoe.    (Puit.) 

1906  625 .3 

Bulletin  de  la  Soc.  des  ing.  civ.  de  France,  no  6,  juin,  p.  917. 

MALLET  (A.).  —  Traction  sur  cremaillere  ou  par 
adherence.  (5,200  mots  &  10  tableaux.) 


ttulletln  <le»    t.raii»port«    InceroaUonaux. 
par  otieinlnA  de  fer.  (Bmim.) 

1906  385 .63 

Bulletin  des  transports  intern,  par  ch.  de  fer,  no  10,  oct.,  p.  347. 

Deuxidme  convention  additionnelle  k  la  convention 
Internationale  du  14  octobre  1890  sur  le  transport  de 
marchandises  par  chemins  de  fer.  (9,500  mots.) 


BelalraKe     ^lectrlque.    (Paiit.) 

1906  621 .33 

^lairage  ilectrique,  no  39,  29  septembre,  p.  486. 
—  no  40,    6  octobre,  p.  13. 

SOLIEE  (A.).  —  Installations  de  traction  electrique 
au  Simplon.  (4,500  mots  &  fig.) 


1906  621 .33  (.45) 

^lairage  Electrique,  no  42,  20  octobre,  p.  96. 

SOLIER  (A.).  —  Tramways  electriques  des  environs 
de  Rome.  (1,000  mots  &  fig.) 


G^nle  olvll.  (Parte.) 

1906  624 .61 

CMnie  civil,  no  1268, 29  septembre,  p.  337. 

DUMAS  (A.).  —  Nouveau  pont  en  ma^onnerie,  sur  la 
Loire  k  Orleans.  (7,500  mots,  3  Ubleaux  &  fig.) 

1906  621 .132.3 

G6nie  civil,  no  1270,  13  octobre,  p.  385. 

Locomotive  d'express  de  2,500  chevaux,  des  ateliers 
Mafiei.  (400  mots  &  fig.) 


625 .13 


1906 

O^nie  civil,  no  1271,  20  octobre,  p.  400. 

La   ventilation    m^canique    du   tunnel   de   Gochem 
(Prusse).  (800  mots  &  fig.) 


•louraal    dea    t.raa»poi-Ca.    (Parte.) 

1906  BU  .61  (01 

Journal  des  transports,  no  38,  22  septembre,  p.  445. 

Les  chemins  de  fer  economiques.  (2,000  mots.) 
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1906  626 .236 

fonrnal  deo  transports,  u9  39, 29  septembre,  p.  461. 

Le  nettoyage  pneumatique  des  wagons.  (700  mots.) 

1906  621 .33  (.73) 

roumal  des  transports,  n*  39,  29  seplembre,  p.  463. 

Les  chemins  de  fer  electriques  aux  fitats-Unis.  (900 
mots  &  4  tableaux.) 

1906  666 .235.7 

Journal  des  transports,  n«  41,  13  octobre,  p.  481. 

Questions  d'emballages.  —  Le  concours  de  Marseille. 
(2,300  mots.) 

1906  386  .517  (.44) 

Journal  des  transports,  n^  42,  20  octobre,  p.  493. 

Les  institutions  de  preyoyance  des  chemins  de  fer 
fran^ais.  (900  mots  &  1  tableau.) 


1906  621 .14  <&  621 .33 

Journal  des  transports,  n«  43,  27  octobre,  p.  511. 

Exploitation  par  automobile  et  par  tramipvay.  (1,500 
mots  &  tableaux.) 


Popter<eiillle   ^oomonalque    dee    naaeliliiee.  (Parte.) 

1906  625  .231  d  625  .232 

Porlefeuille  ^conomique  des  machines,  n<»  610,  octobre,  p.  150. 

Wagon  k  bagages  ayec  compartiment  postal  du  chemin 
de  fer  du  Gothard.  (1,000  mots  &  fig.) 


S^n^rale  dee  ohendne  de 
et  dee  treaawreye^  (Parte.) 


rer 


1906  625 .233 

Rerue  g^n^ale  des  chemins  de  fer,  n«  4,  octobre,  p.  215. 

BIARD  (E.)  &  MAUCLfeRE  (G.).  —  Note  sur  r^clairage 
au  gaz  k  incandescence  des  Yoitures  k  Yoyageurs  d'aprds 
les  r6sultats  obtenus  k  la  oompagnie  des  chemins  de  fer  de 
FEst.  (9,900  mots,  1  tableau  &  ilg.) 


1906  621 .131.1 

Rerne  gtoirale  des  chemins  de  fer,  no  4,  octobre,  p.  241. 

MAISON  (F.).  —  Influence  de  Teffort  de  traction  sur  la 
repartition  de  la  charge  des  locomotives.  (7,000  mots 
*%)  

1906  313  .385  (.61) 

RsToe  ginirale  des  chemins  de  fer,  n^  4,  octobre,  p.  256. 

Statistique  des  chemins  de  fer  alg^riens  et  tunisiens, 
annte  1903.  (7  tableaux.) 


1906  385  .113  (.65) 

Revue  gintode  des  chemins  de  fer,  no  4,  octobre,  p.  261. 

COLSON  (C).  —  ReYue  des  questions  de  transports.  — 
Les  chemins  de  fer  alg^riens  en  1905.  (3,500  mots 
&  2  tableaux.) 

1906  625 .6  (.44) 

RsYue  g^nirale  des  chemins  de  fer,  n*  4,  octobre,  p.  266. 

COLSON  (C).  —  Revue  des  questions  de  transports.  — 
Les  chemins  de  fer  et  les  tramways  urbains  en  1905. 
(2,500  mots  &  1  tableau.) 

1906  385  .113  (.44) 

Revue  gtoirale  des  chemins  de  fer,  n^  4,  octobre,  p.  270. 

Les  chemins  de  fer  frangais  en  1905.  (5,600  mots.) 


621  .1  (01 


Re'vae    de   m^oeniqiie. 

1906 

Revue  de  mteaniqiie,  n*  2,  aoiit,  p  105 . 

BAUERMEISTER  (A.).  —  De  I'influence  des  masses 
en  mouYement  dans  la  machine  k  vapeur.  (5,200  mots 
&%)  

1906  621  .112  d  621  .114 

Revue  de  m^canique,  no  3,  septembre,  p.  247. 

BAUERJMEISTER  (A.).  —  Influence  de  la  vapeur  a 
haute  surchauffe  sur  le  graissage  et  la  deformation  des 
distributions.  (3,500  mots,  1  tableau  &  fig.) 


In  German. 


Annelen  fttr  Oe^verbe  nnd  Ben^veeen.  (Barlla. 

1906  621 .135.  (01 

Annalen  fur  Gewerbe  und  Bauw.,  N'704, 15.  Oktober,  p.  141. 

DENECKE  (O.).  —  Der  Lokomotivrahmen  als  starrer 
Balken  auf  fedemden  Stiitzen.  (2,400  WOrter  &  Fig.) 


<NBeten*elelileohe    Bleenbelin-Zeltiins.  (WIm.) 

1906  656.25(01 

OsterreichischeEisenbahn-Zeitang,  N'26,  l.Oktober,  p.  237. 

BOSSHARDT  (V.  C).  —  Die  neuen  Verkehrs-  und 
SignalYorschriften.  (4,200  WOrter.) 

1906  621 .33 

(Bsterreichische  Eisenbahn-Zeitang,  N'  28, 15.  Oktober,  p.  261. 

Die  elektrische  Bahn  Mumau-Oberammergau.   (700 
WOrter  &  Fig.) 
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Elektjrlsobe  Babnen  and  Beti*lebe. 
Z«lt«olii*lfl.  fOi*  Verkebrs-  and  Xr«n»portinre»en« 

(MOnolMii.) 

1906  621 .33  (09.1  (.43) 

Elektrische  Bahnen  und  Betriebe,  N'25,  4.  September,  p.  469. 
—  —         N'  28, 4.  Oktober,  p.  530. 

RINKEL   (R.).    —    Die    Rheinuferbahn   Koln-Bonn. 
(4,000  WOrter  &  Fig.) 


Ovfcaiu     t&r   die    FortKohrltte  de»   Rl(««»nl»alin> 
^wo»«nfli  In  te<^hnl»chei*  Beztebnnff.  (WlMbadM.) 

1906  621  .133.2 

Organ  furdieForlschritte  des  Eisenbahnw..  9.  Heft,  p.  169. 

MAYR.  —  Feuerbuchs-Rohrwande  aus  Kupfer  und 
Flusseisen.  (1,300  WOrter  &  Fig.) 


1906  625 .154 

Organ  fur  die  Fortschritte  des  Eisenbahnw.,  9.  HeA,  p.  171. 

Auswechselung  der  Trager  der  Drehoffnung  in  der 
Brucke  iiber  die  Elbe  bei  Wittenberge.  (700  Wttrter 
&  Fig.)  

1906  621  .3 

Organ  iur  die  Fortschritte  des  Eisenbahnw.,  9.  Heft,  p.  176. 

FRANKEL  {E.).  —  Die  augenblicklichen  Aufgaben 
der  Electrolechnik  im  Eisenbahnwesen.  (700  WOrter.) 


1906  621 .133.  (01 

Organ  fur  die  Fortschritte  des  Eisenbahnw.,  9.  Heft,  p.  177. 

BUSSE  (C).  —  Cber  die  Verdampfungsrahigkeit  von 
Lokomotivkesseln.  (550  WOrter.) 


1906  625 .143.5 

Organ  fiir  die  Fortschritte  des  Eisenbahnw.,  9.  Heft,  p.  177. 

Schwellenschraube    von    Lakhovsky.    (600    W5rter 
&  Fig.)  

1906  725 .33 

Organ  fiir  die  Fortschritte  des  Eisenbahnw.,  9.  Heft,  p.  179. 

SCHAFER  (C.  P.).  —  Wasserkran  fttr  10  cbm  Leistung 
in  der  Minute.  (1,200  WOrter,  1  Tabelle  &  Fig.) 


1906  621  .138.5  d  625  .26 

Organ  fur  die  Fortschritte  des  Eisenbahnw.,  9.  Heft,  p.  180. 

Neue  Werkstatten  der  Louisville  und  Nashville  Eisen- 
balin.  (1,200  WOrter  &  Fig.) 


1906  621 .134.3 

Organ  fur  die  Fortschritte  des  Eisenbahnw.,  9.  Heft,  p.  182. 

Heissdampflokomotiven.    (500   Wdrter,    4  Tabellen 
&Fig.) 


i»cfa^Arelsr.Av*lMebe  naiix«lt.anic.  (ZIrioli.] 

1906  625 .13 

Schweizerische  Bauseitung,  N'  12.  22.  September,  p.  141. 

BRANDAU    (K.).    —    Die    Zweitunnel-Baumcthode. 
(2.500  W6rter  &  Fig.) 


1906  621  .335.  (01 

Schweiierische  Bauzeitung,  N'  13, 29.  September,  p.  159. 

KUMMER  (W.).  —  Messresultate  und  Betriebser- 
fahningen  an  der  Einphnsenwechselstromlokomotive 
mil  Kollektormotoren  auf  der  Normalbahnstrecke  See- 
bach- Wettingen.  (1,600  W6rter  &  Fig.) 


1906  625 .232 

Schweiierische  Bauzeitung,  N"*  15.  13.  Oktober,  p.  182. 

DieSpeisewagen  der  Monti-eux-Berner-Oberland-Bahn. 
(700  W5rter  &  Fig.) 


XeitMclirin.    rar    Klelnl»cibn«»n.    (B«rH«.) 

1906  313  :  625  .6  (.494) 

Zeitschrift  fur  Kleinbahnen,  Heft  9.  September,  p.  590. 

Die  schweizerischen  Kleinbahnen  in  den  Jahren  1903 
und  1904.  (Tabellen.) 


1906  621  .33  &  625  .4 

Zeitschrift  fur  Kleinbahnen,  Heft  10,  Oktober,  p.  669. 

Die  Bostoner  Hoch-  und  Tiefbahnen.  (1,400  WOrter 
&  Fig.)  

Zeltschrirt  de»  Verelnes  deataohc^i*  Inicenleare* 

(Bwitn.) 

1906  621  .12  &  656  .211.7 

Zeit.  des  Vereinesdeutsch.  Ingen.,  Nr36,  8.  Septemb.,  p.  1441. 

—  —  N'-38,22.        —        p.  1545. 

Der    belgische    Turbinen-Postdampfer    «    Princesse  g 
Elisabeth  ».  (9,000  WOrter,  1  Tabelle  &  Fig.)  (S.  Bulletin 
dii  Congrds  des  chemins  de  fer,  n<*  2,  f^vrier  1906.) 


1906  621 .132.5 

Zeit.  des  Vereines  deutsch.  Ingen.,  N^  38, 22.  Septemb.,  p.  1553. 

Kurvenbewegliche  Lokomotiven.  (1,700  Wftrter  & 
Fig.)  

1906  656 .212.6 

Zeit.  des  Vereines  deutscher  Ingen.,  N'  40,  6.  Oktober,  p.  1605. 

BOTTCHER   (A.).    —    Hammerwippkran   fur   i50t 
grossle  Last.  (3,000  WOrter,  3  Tabellen  &  Fig.) 


1906  656  .211  <&  656  .212 

Zeit.  dM  Vereines  dentsch.  Ingen.,  N'  40,  6.  Oktober,  p.  1615. 

GIESE  (E.)  &  BLUM.  —  Die  Anlagen  der  Pittsburg 
und  Lake  Erie-Eisenbahn  in  Pittsburg.  (3,000  Wttrter, 
1  Tabelle  &  Fig.) 
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Z^lfcuaBfC    ditM    Verelns   d«at«oli«r     Bl»«»iilial»n> 
▼er^waltnn^en*  (■•rite  ) 

1906  656  .222.1  (.73) 

Zeitung  des  Veroins,  N'  67,  i.  September,  p.  1049. 

Der  Empire  State  Expresszug.  (3.500  W6rter,  1  Tabelle 
&  Fig.)  

1906  385 .517.6 

ZeituQg  des  Vereins,  N'  73,  22.  September,  p.  1139. 
—  N'74, 26.        —         p.  1153. 

REISEWITZ.  —  Die  wissenschaftlichen  Kurse  uber 
den  Alkohol.  (6,500  Wftrter.) 


1906  656 .237 

Zeitung  des  Vereios,  N'  74,  26.  September,  p.  1151. 

KREFTER  (A.).  —  Uber  Vereinfachungen  in  der 
Stations-  und  Guterkassenbuchfuhrung  auf  Bahnhdfen 
von  geringerem  Verkehrsiunfange.  (1,200  WOrter  & 
2  Tabellen.) 

1906  656 .259 

Zeitung  des  Vereins,  N'  75,  29.  September,  p.  1167. 

MAAS  GEESTERANUS  (H.  P.).  —  Ein  neuer  Apparat 
zur  UberwachuDg  der  Geschwiodigkeit  von  Eisenbahn- 
zugen.  (1,600  WOrter  &  Fig.) 


1906  385  .3  (.73) 

Zeitung  des  Vereins,  N^  76, 3.  Oklober,  p.  1183. 

LEYNEN  (Dr.  A.  v.  d.).  —  Die  novelle  vom  29.  Juni 
1906  zum  Bundesverkehrsgesetz  (Interstate  Commerce 
Act)  der  Vereinigten  Staaten  von  America  vom 
4.  Februar  1887.  (4,000  WOrter.) 

1906  656.2(01 

Zeitung  des  Vereios,  N'  77,  6.  Oktober,  p.  1199. 

Der  Entwurf  einer  neuen  deutschen  Verkehrsordnung. 
(3,000  WOrter.) 

1906  656  .222.1  (.73) 

Zeitung  des  Vereins,  N'78,  10.  Oktober,  p.  1220. 

Nochmals  der  Empire  State  Express.  (1,700  W5rter  & 
1  Tabelle.)    - 

1906  625 .4 

Zeituog  des  Vereins,  N'  79,  13.  Oktober,  p.  1231. 

BERDROW  (W.).  —  Nochmals  die  Schwebebahn  in 
Berlin.  (1,800  WOrter  &  Fig.) 


Zentralblatt    der   BanveirvvAlUinc*   (■•rUa.) 

1906  624.  (01 

Zentralblatt  der  Bauverwaltung,  N'  72, 5.  September,  p.  455. 

LEIBBRAND.  —  Fortschritte  im  Bau  weitgesprengter 
flacher  massiver  Brucken.  (3,600  WOrter.) 


In  Englisli. 


A.merlo«in   Bnf^neer 
•nd   Railroad  Journal.  (New  Ytrk.) 

1906  621 .132.5 

American  Engineer  d  R.  Journal,  No.  10,  October,  p.  371. 

Mallet  articulated  compound  locomotive,  type  2  6-6  2. 
(2,000  words,  1  table  &  fig.) 


Bnllotin  ortbe  iBiteruaUonal  Rail^way  Conur* 

(BriNMlt.) 

1906        ^  625 .61  (.42) 

Bulletin  of  the  Railway  €k>ngre8s.  No.  10»  October,  p.  1493. 

GLENDENNING  (Seymour).  —  Burton  and  Ashby 
Light  Railway.  (2,500  words  &  fig.) 


1906  625 .143.3 

Bulletin  of  the  Railway  Congress,  No.  10,  October,  p.  1500. 

MOYLE  (G.).  —  Roaring  rails.  A  mysterious  develop- 
ment. (2,300  words  &  fig.) 


1906  656 .256.3  d  625  .4 

Bulletin  of  the  Railway  Congress,  No.  10,  October,  p.  1507. 

Automatic  signalling  on  the  underground  railways  of 
London.  (7,800  words  &  fig.) 


1906  725 .31 

huUelin  of  the  Railway  Congress,  No.  10,  October,  p.  1527. 

The  Pennsylvania  Railroad's  extension  to  New  York 
and  Long  Island.  (1 ,850  words  &  fig.) 


1906  385  .63.  (04 

Bulletin  of  the  Railway  Congress,  No.  10,  October,  p.  1534. 

Second  conference  for  the  revision  of  the  international 
convention  on  the  transport  of  goods  by  railway. 
(7,700  words.) 

1906  656 .256.3 

Bulletin  of  the  Railway  Congress,  No.  10,  October,  p.  1547. 

Automatic  block-system  (question  X,  7^  session). 
Discussion.  (13,900  words.) 

1906  656 .256.3 

Bulletin  of  the  Railway  Congress,  No.  10,  October,  p.  1577. 

PLATT  (C.  H.) .—  Automatic  blocksyst«m  (question  X, 
7^  session).  Supplement  to  report  No.  1.  Appendix  to  the 
discussion.  (2,500  words,  8  tables  &  fig.) 

1906  656 .226 

Bulletin  of  the  Railway  Congress,  No.  10,  October,  p.  1595. 

Baggage  and  express  parcels  (question  XI,  7^  session). 
Discussion.  (13,500  words.) 
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1906'  385 .57 

bulletin  of  the  Railway  Gongretts,  No.  10,  October,  p.  1624. 

ARTHURTON  (Alfred  W.).  —  How  railwaymen  are 
rained  :  The  Great  Western  Railway  Lecture  and 
>ebating^  Society.  (3,400  words.) 


1906  625 .245 

bulletin  of  the  Railway  Googress,  No.  10,  October,  p.  1631. 

40-ton  ^wagOD  for  the  conveyance  of  boilers,  large 
castings  and  heavy  machinery  over  the  Cheshire  lines 
system.  (200  words  &  fig.) 

1906  625.216 

Bulletin  of  the  Railway  Congress,  No.  10,  October,  p.  1632. 

The  Cardwell  friction  draft  gear  and  rocker  side 
bearing.  (650  words  &  fig.) 


1906  621  .133.7 

Bulletin  of  the  Railway  Congress,  No.  10,  October,  p.  1634. 

Tender   v^ater  scoop,  Great  Eastern  Railway.  (650 
words  &  fig.) 

1906  656 .215 

Bulletin  of  the  Railway  Congress,  No.  10,  October,  p.  1638. 

The  lighting  of  Victoria  station.  (600  words  &  fig.) 


1906  656 .281 

Bulletin  of  the  Railway  Congress,  No.  10,  October,  p.  1639. 

The  Salisbury  railway  accident.  (1,500  words.) 


1906  385.  (09.2 

Bulletin  of  the  Railway  Congress,  No.  10,  October,  p.  1642. 

Obituary  :  Francis  William  Webb.  (700  words.) 


1906  621  .13  d  385.  (04 

Bulletin  of  the  Railway  Congress,  No.  10,  October,  p.  1644. 

New  books  and  publications  :  La  locomotive  actuelle. 
Etude  g^n^rale  sur  les  types  r^cents  de  locomotives  k 
grande  puissance.  Complement  au  traits  pratique  de  la 
machine-locomotive.  (The  present  locomotive.  General 
study  of  recent  types  of  high-power  locomotives.  Supple- 
ment to  the  practical  treatise  on  the  locomotive  engine), 
by  Maurice  Dbmoulin.  (1,400  words.) 


1906  016 .385.  (02 

Bulletin  of  the  Railway  Congress,  No.  10,  October,  p.  99. 

Monthly  bibliography  of  railways.  —  Books.  (7  la- 
bels.) 


1906  016 .385.  (05 

Bulletin  of  the  Railway  Congress,  No.  10,  October,  p.  100. 
Monthly  bibliography   of  railways.  —  Periodicals. 
I  (105  labels.) 


finSlneer.  (Ltndta.) 
1906  621  .132.3 

Bngineer,  No.  2645,  September  7,  p.  235. 

Moderii  locomotive  construction  in  Belgium.  (3,000 
words  &  fig.) 

1906  621  .132.3 

Engineer,  No.  2648,  September  28,  p.  311. 

*'  Adriatic  ^^  compound  locomotive,  State  Railways  of 
Italy.  (1,800  words  &  fig.) 


1906  656 .281 

Engineer,  No.  2648,  September  28,  p.  323  et  326. 

The  Grantham  accident.  (3,200  words  A  fig.) 


1906  621  .132.1  (.73) 

Bngineer,  No.  2649,  October  5,  p.  3*38. 

Standardising  locomotives  on  the  American  railways. 
(3,500  words  &  1  table.) 


656  .222.1 


1906 

Bngineer,  No.  2649,  October  5,  p.  341. 

ROUS  MARTEN  (C).   —  Latest  express    engines, 
South  Eastern  and  Chatham  Railway.  (2,000  words.) 

1906  656 .281 

Engineer,  No.  2649,  October  5,  p.  353. 

The  Salisbury  accident.  (5,500  words,  1  table  <Sc  ^.) 


621 .132.8 


1906 

Bngineer,  No.  2650,  October  12,  p.  380. 

Bavarian  rail  motor-coach.  (800  words,  1  table  &  fig.) 


Bnsln«»ei-in|K.  (L«Mm., 

1906  624.  (01 

Engineering,  No.  2123,  September  7,  p.  307. 

BAMFORD  (H.).  —  Moving-loads  on  railway  under- 
bridges.  (1,800  words  &  fig.) 


1906  625 .616 

Engineering,  No.  2123,  September  7,  p.  319. 

Railway  motor-carriage  (760  millimetre-gauge) ;  Milan 
exhibition.  (650  words,  1  table  &  fig.) 


1906  656.257 

Engineering,  No.  2126,  September  28,  p.  417. 

Operation  of  railway  points  and  signal  by  power. 
(2,200  words.) 

1906  621  .132.3 

Bngineering,  No.  2126,  September  28,  p.  422. 
—  No.  2127,  October  5,  p.  457. 

Four-cylinder  six-coupled  locomotive  at  the  Milan 
exhibition.  (1,700  words  &  fig.) 
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1906  656 .281 

Engineering,  No.  2126,  September  28,  p.  431. 

The  railway  accident  at  Grantham.  (3,600  words  &  fig.) 


1906  621 .132.3 

Engineering,  No.  2128,  October  12,  p.  488. 

HANBURY  (H.  W.).  —  Compound  locomotive  for  the 
Northern  Railway  of  France.  (1,800  words  &  fig.) 


BniKineeriniS  Masazlne.  (Ltatfoii.) 

1906  621  .7 

Engineering  Magazine,  October,  p.  21. 

JACOBS  (H.  W.).  —  Organization  and  economy  in  the 
railway  machine  shop.  (3,000  words  &  fig.) 


Bniliiieerlns  IVe^wrs,  (ll«w  Yerk.) 

1906  624 .63 

Engineering  News,  No.  2,  August  30,  p.  215. 

A  reinforced  concrete  arch  bridge  build  in  reinforced 
concrete  forms  without  centering.  (2,800  words  &  fig.) 


1906  385.  (09.1  (.42) 

Engineering  News,  No.  9,  August  30,  p.  218. 

WILSON  (H.  R.).  —  British  railway  methods  and 
management  with  special  reference  to  safety  in  operation. 
(7,000  words.) 

1906  625 .13 

Engineering  News,  No.  H,  September  13,  p.  272. 

Lowering  the  tunnels  under  the  Chicago  River.  (3,200 
words  &  ^g,} 

1906  624.  (01 

Engineering  News,  No.  11,  September  13,  p.  278. 

KIRKHAM  (J.  E.).  —  Equivalent  uniform  live  loads 
for  railroad  bridge  trusses.  (800  words  &  fig.) 


1906  621 .94 

Engineering  News,  No.  11,  September  13,  p.  280. 

High-speed  tools  for  rapid  work  in  turning  locomotive 
driving-wheel  tires  (550  words  &  fig.) 


1906  656 .211.4 

LOnf^ineoring  News,  N".  12,  September  20,  p.  297. 

HURLBUT  (C.  C).  —  The  new  terminal  station  and 
ferryhnuse  of  the  Delaware,  Lackawanna  &  Western 
R.  R.  at  Hoboken,  N.  J.  (6,000  words  &  fig.) 


1906  625  .14  (01 

Engineering  News,  No.  12,  September  20,  p.  310. 

Track  ronHlruclion  for  railway  tunnels.  (3,500  words 
Afig.) 


1906  625  .14  (01 

Engineering  News,  No.  12,  September  20,  p.  314. 

Track    construction    and    maintenance   in    railway 
tunnels.  (2,200  words.) 


1906  621 .331  A  621  .338 

Engineering  News,  No.  13,  September  27,  p.  322. 

The  rotary  converter  substations  and  electric  car 
equipment  of  the  Long  Island  Railroad.  (4,000  words 
&fig.) 


1906  621 .138.3 

Engineering  News,  No.  14,  October  4,  p.  354. 

The  care  of  locomotive  boilers  at  terminals  and  while 
in  service.  (2,800  words.) 


InsUtatlon  ot  Mecbanltsal   Biii^neers*  (Loaioa.) 

1906  621 .133.3 

Institut.  of  Mechanical  Engineers,  No.  2,  March-May,  p.  165. 

CHURCHWARD  (G.  J.).  —  Large  locomotive  beilers. 
(26,500  words,  tables  &  fig.) 

1906  621 .133.1 

Institut.  of  Mechanical  Engineers,  No.  2,  March-May,  p.  265. 

GREAVEN  (L.).  —  Petroleum  fuel  in  locomotives  on 
the  Tehuantepcc  National  Railroad  of  Mexico.  (12,000 
words,  tables  &  fig.) 


Joarnal  or  tho  Vranklln  InsUtnte.  (PbltadvlyMiu) 

1906  621 .116 

Journal  of  the  Franklin  Institute,  No.  3,  September,  p.  201. 

ELDRED  (B.).  —  Regulation  of  the  duration  of  com- 
bustion. (3,300  words,  1  table  &  fig.) 


L.oooiuotlve  Ffremen**  Magazine.  (iMHaaapflto.) 

1906  621 .137  1 

Locomotive  Firemen's  Magazine,  October,  p.  463. 

The  Hayden  mechanical  stoker.  (3,000  words  &  fig.) 


1906  625 .13 

Locomotive  Kirpmen's  Magazine,  October,  p.  473. 

Ventilation  oMhe  Inlerborough  Subway,  New  York. 
(5,600  words.) 
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Google 


Digitized  by 


Google 


—  429  — 


Locomotive  Journal.  (Leads.) 

1906  625 .13 

Locomotive  Journal,  No.  10^  October,  p.  477. 

The  construction  of  a  new  bridge  under  an  existing 
railway.  (2,200  words,  1  table  &  tig.; 


Prooeedln^M    or  tbo    American    Society 
or   Civil    Enslneers.   (New  York.) 

1906  621  .13  &  621 .33 

Proceed,  of  the  Amer.  Soc.  of  Civil  Eng.,  No.7,  Septemb.,p.  643. 

MAYER  (J.).  —  Steam  locomotive  and  electric  opera- 
tion for  trunk-line  traffic.  A  comparison  of  costs  and 
earnings.  (13,200  words  &  fig.) 


Railroad  t^azette.  (New  Yerk.) 

1906  625 .144.4 

Railroad  Gazette,  No.  11,  September  14,  p.  214. 

The  Lake  Shore  gravel  ballast  washing  plants.  (1,400 
words  &  fig.) 

1906  621 .131.1 

Railroad  Gazette,  No.  11,  September  14,  p.  217. 

RAYMOND  (W.  G.).  —  Acceleration,  and  some  loco- 
motive problems.  (3,400  words). 


1906  624 .63 

Raiboad  Gazette,  No.  11,  September  14,  p.  220. 

Strauss  ribbed  concrete-steel  bridge  for  the  Elgin- 
Belvidere  Electric  Railroad.  (2,200  words  &  fig.) 


1906  656  .222.1 

Railroad  Gazette,  No.  12,  September  21,  p.  237. 

Tonnage  rating  for  locomotives.  (1,200  words.) 


1906  625 .13 

Raibroad  GazeUe,  No.  12,  September  21,  p.  246. 

The  ventilation  of  tunnels.  (3,600  words  &  fig.) 

1906  656 .259 

Railroad  Gazette,  No.  12,  September  21,  p.  250. 

The  Flaman  speed  indicator.  (600  words  &  fig.) 


1906  385.  (09  3  (.45) 

Railroad  Gazette,  No.  13,  September  28,  p.  261. 

NORTH  (E.  P.).  —  The  history  and  organization  of 
Italian  railroads.  (1,000  words  &  fig.) 


1906  656  .235.  (01  (.73) 

Railroad  Gazette,  No.  13,  September  28,  p.  266. 

Economic  wastes  in  transportation.  (6,500  words.) 


1906  621  .132.8 

Railroad  Gazette,  No.  14,  October  5,  p.  289. 

The  Kobusch-Wagenhals  steam  motor  car.  (500  words 
&fig.)      . 

1906  621  .33  (09.1  (.73) 

Railroad  Gazette,  No.  14,  October  5,  p.  293. 

The  New  York  Centrars  terminal  electrification  at 
New  York.  (2,400  words  &  fig.) 


656  .256 


1906 

Railroad  Gazette,  No.  14,  October  5,  p.  298. 

Electro-pneumatic  block  signals  on  the  electrified  line 
of  the  West  Jersey  &  Seashore.  (1 ,400  words  &  fig.) 


RalI'vvay    A|se.    (OMoaeo- 

1906  621 .132.8 

Railway  Age,  No.  1577,  August  31,  p.  254. 

Steam  motor  car  for  the  Canadian  Pacific  Railway. 
(650  words  &  fig.) 

1906  624 .63 

Railway  Age,  No.  15*77,  August  31,  p.  258. 

Novel  method  of  concrete  bridge  construction.  (1,600 
words  &  fig.) 

1906  621  .132.3 

Railway  Age,  No.  1578,  September  7,  p.  284. 

New  locomotives  for  the  Northern  Pacific.  (1,800  words 
&  fig.)  

1906  656 .254 

Railway  Age,  No.  1578.  September  7,  p.  289. 

FOWLE  (F.  F.).  —The  traflic  of  railway  communi- 
cation. (3,500  words  &  fig.) 

1906  656.211 

Railway  Age,  No.  1582,  October  5,  p.  411. 

The  El  Paso  Union  passenger  station.  (1,200  words 
&  fig.)  

1906  385  .14  (.73) 

Railway  Age,  No.  1583,  October  12,  p.  442. 

The  commission's  hearing  on  tariffs.  (3,000  words.) 


Railway    Bn^lneer.   (Leaden.) 
1906  621 .132.3 

Railway  Engineer,  No.  321,  October,  p.  307. 

Express    goods    engine;   Caledonian   Railway.    (300 
words  &  fig. 
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1906  625 .244 

Railway  Engineer,  No.  321,  October,  p.  317. 

20-ton  refrigerator  Van;  London,  Brighton  and  South 
Coast  Railway.  (1 ,000  words  &  fig.) 


Rall'wray  and  Bnf(lneerlnf(  Revleinr.  (OMom*-) 

1906  621 .338 

Railway  and  Engineering  Reyiew,  No.  35,  September  1,  p.  668. 

SMITH  (W.  N.).  —  Steel  car  equipment  on  the  Long 
Island  R.  R.  (2,400  words  &  fig.) 


1906  621 .138.3 

Railway  and  Engineering  Review,  No.  35,  Sept.  1,  p.  675  et  678. 

Care  of  locomotive  boilers.  (4,200  words  &  fig.) 

1906  625 .13 

Railway  and  Engineering  Review,  No.  37,  September  15,  p.  708. 

FRANCIS  (G.  B.)  &  DENNIS  (W.  F.).  —  Scranton 
tunnel,  Lackawanna  &  Wyoming  Valley  R.  R.  (5,200 
words  &  flg.) 

1906  625 .232 

Railway  and  Engineering  Review,  No.  39,  September  29,  p.  747. 

Southern  Pacific  all  steel  coach.  500  words  &  fig.) 

1906  621 .132.8 

Railway  and  Engineering  Review,  No.  39,  September  29,  p.  748. 

The  Kobusch-Wagenhals  steam  motor  coach.  (1,000 
words  &  fig.) 

1906  625 .142.3 

Railway  and  Engineering  Review,  No.  39,  September  29,  p.  751. 

Practicability  and  life  of  metal  cross  ties  for  railroad 
track  construction.  (2,000  words.) 


1906  621  .132.5 

Railway  and  Engineering  Review,  No.  40,  October  6,  p.  768. 

New  Delaware  &  Hudson  consolidation  locoitiotives. 
(600  words  &  hg,) 


Wtmllyavmy  Gaxette*  (LoedM.) 

1906  621 .131.1 

Railway  Gasette,  No.  13,  September  28,  p.  345. 

RAYMOND    (W.    G.).    —    Acceleration,    and    some 
locomotive  problems.  (3,400  words.) 


1906  624 .63 

Railway  Gazette,  No.  13,  September  28,  p.  348. 

Strauss  ribbed  concrete-steel  bridge  for  the  Elgin- 
Belvidere  Electric  Raihroad.  (2,200  words  &  fig.) 


1906  656 .281 

Railway  Gazette,  No.  14,  October  5,  p.  370. 

Board  of  Trade  railway  accident  report.  Salisbury, 
London  &  South  Western  Railway,  July  1.  (900  word.<5 
&  fig.)  

1906  621  .7  (.73) 

Railway  Gazette,  No.  14,  Octobers,  p.  378. 

Organization  and  construction  methods  used  on  the 
lvor}'dale  shops  of  the  C.  H.  &  D.  (2,000  words  &  fig.) 


1906 

Railway  Gazette,  No.  14,  October  5,  p.  382. 

The  ventilation  of  tunnels.  (3,600  words  &  fig.) 


625  .13 


1906  656 .259 

Railway  Gazette,  No.  14,  October  5,  p.  386. 

The  Flaman  speed  indicator.  (600  words  &  fig.) 

1906  656.235.(01  (.73) 

Railway  Gazette,  No.  15,  October  12,  p.  410. 

Economic  wastes  in  transportation.  (6,500  words.) 


1906  621 .33 

Railway  Gazette,  No.  16,  October  19.  p.  437. 

The  New  York  CentraFs  terminal  electrification  at 
New  York.  (2,700  words  &  fig.) 

1906  656  .256 

Railway  Gazette,  No.  16,  October  19,  p.  442. 

Electro-pneumatic   block  signals  on   the  electrified 
line  of  the  West  Jersey  &  Seashore.  (1,300  words  &  fig.) 


Rall^^ay  and  L«oooniotlve  Bni^neei*lii|s.  (Ntw  York. 

1906  621 .132.5 

Railway  and  Locomotive  Engineering,  October,  p.  472. 

Baldwin  Mallet  compound.  (1,600  words  &  fig.) 


Railway  Maeblnery*  ^Ntw  York.) 

1906  621  .132.3  d  621  .132.5 

Railway  Machinery,  September,  p.  2. 

New  Northern  Pacific  Railway  locomotives.  (1,300 
words  &  fig.) 

1906  621 .132.3 

Railway  Machinery,  October,  p.  55. 

KING  (C.  R.).  —  Adriatic  type  four-cylinder  balanced 
compound  locomotive  of  the  Italian  State  Railways. 
(3,200  words  &  fig.) 
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1906  656 .222.1 

Railway  Magazine,  No.  112,  October,  p.  363. 

ROUS-MARTEN  (C).  —  British  locomotive  practice 
and  performance.  (3,700  words  &  fig.) 


Rall^vay  Maintenance  and  Stmoturea*  (New  York.) 

1906  625  .142.2  A  691 

Railway  Maintenance  and  Stmctares,  October,  p.  216. 

Experiments    on    the   strength   of   treated   timber. 
(3,500  words  &  fig.) 


Mall^vay    Master   Meehanle.    (OMom«.) 

1906  621 .135.1 

Railway  Master  Mechanic,  No.  9,  September,  p.  302. 

Welding  broken  locomotive  frames  without  removal. 
(800  words  &  fig.) 


Rallivay    Tlmea.  (LmnIwu) 

1906  621  .338 

Railway  Times,  No.  14,  October  6,  p.  353. 

Electrical  equipment  of  steam  rolling  stock.  (1,200 
words  &  &g,) 


1906  621 .132.8 

Railway  Times,  No.  17,  October  27,  p.  425. 

First  rail  motor  car  for  the  Isle  of  Wight.  (750  words 
&fig.) 


Railway  ^ITorld.  (PMIaMiMila. ) 

1906  625 .142.3 

Railway  World,  No.  40,  October  5,  p.  847. 

PORTER  (H.  T.).  ~  Practicability  and  life  of  metal 
cross  ties.  (1,500  words.) 


South    A.ft*l€;an    Itall^nray    Magazine.    (JobamiMbarg.) 

1906  385.  (07.1 

South  African  Railway  Magazine,  No.  2,  October,  p.  68. 

BRAAMFONTEIN  (J.  C).  —  The  technical  training 
of  raih-oad  officers.  (3,500  words.) 


1906  656 .257 

South  African  Railway  Magazine,  No.  2,  October,  p.  80. 

MOORE  (W.).  —  Power  signalling.  (1,700  words 
&fig.) 


street  Mall^wajr  Journal.  (Itow  Yerfc.) 

1906  625  .252  d  626  .253 

Street  Railway  Journal,  No.  13,  September  29,  p.  475. 

GRAHAM  (G.   C).  —  Braking    for   electric  cars. 
(1,200  words  &  fig.) 


Xram^nray  A  Itall^nray  llTorld*  (LoniM.) 

1906  625 .25  (01 

Tramway  &  Railway  World,  October,  p.  347. 

MOZLEY  (H.).  —  Car  brakes.  (8,500  words,  4  tables 
&fig.) 


In    Italian. 


Olornale   del    ^enlo    clwflle*    (Rtnuu) 

1906  385  .11  (.45) 

Qiornale  del  genio  civile,  agosto,  p.  432. 

Quel  che  hanno  costato  e  quel  che  rendoBO  le  ferroyie 
in  Italia.  (4,200  parole.) 


621.33 


1906 

Qiomale  del  genio  ciyile,  agosto,  p.  440. 

Applicazioni  di  trazione  elettrica  monofase.  (3,500 
parole.) 


1906 


Ingesnerla  Terrowflarla.  (ftoma.) 

625.24(06.4 


Ingegoeria  ferroTiaria,  n«  19,  l^  oUobre,  p.  307. 
CERRETI  (U.).  —  Carri  merci.  (1,700  parole  Atg.) 

1906  621  .13  (06.4 

Ingegneria  ferroyiaria,  n®  20,  16  ottobre,  p.  318. 

L'esposizione  di  Milano.  —  LocomotiTe  estere.  (4,500 
parole  &  fig.) 
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1906  625.23(06.4 

igegneria  fecroTiaria,  u^  20,  16  oUobre,  p.  326. 
CERRBTI  (U.).  —  Yttture  e  bagagliai.  (2,000  parole 
fig.) 


In  Spanish. 


RevlAUi    de   obra*    p&l»Ue««.    (MairM.) 

1906  656.222.1 

Ravista  da  obras  pilblicas,  d<»  1622,  25  da  octubra,  p.  517. 

Ensajos  recientea  de  marcha  a  gran  yelocidad  con 
locomotoras  de  yapor.  (2,500  palabras  &  cuadros.) 
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!•  —  BIBIL.IOOBi%.PH[Y    OF    BOOKS 

(December,  1906.) 


In  French. 


1906  386 .581.1 

BOISTEL  (Julieo),  sous-chef  de  bureau  au  minisUre  du 

commerce,  de  I'industrie  et  du  travail. 
Hanael  pratique  pour  rapplioaiion  de  U  loi  snr  Id  repos 

hebdomadaire. 

Paris,  librairie  Chaix.  (Prix  :  1  fr.  50  c.) 


1903  813  :  625  .6  (.44) 

MINIST£R£  DES  TRAVAUX  PUBLICS. 

Statistiqae  des  ehemins  do  fer  fran^ait  an  31  d^mbre 
I  1903.  Documents  divers.  2®  partie.  Int^rdt  local  et  tram- 
I  wajs. 

Melun,  Imprimerie  administrative.  lo^",  494  pages.  (Prix  : 
5  francs.) 


1906  861 .812 

LAMC  FLEURY  (B.),  inspecteur  g^n^ral  des  mines, 
d  SARRUT  (Louis),  pr^ident  de  Chambre  k  ia  Gour  de  cas- 
sation. 

Code  annoU  des  ohemins  de  far  en  exploitation  on  recneil 
m^thodiqne  et  obronologiqae  des  lois,  d^erets,  etc.,  eonoer- 
nant  Texploitation  tecbniqae  et  eommerciale  des  ohemins  de 
fer. 

Paris,  librairie  Chaix.  4"  Edition,  1  volume  in-8<*  de  plus  de 
1,200  pages.  (Prix  :  20  francs.) 


1906  313  .385  (.44) 

MINIST£RE  DES  TRAVAUX  PUBLICS. 

Statistiqne  des  ehemins  de  fer  fran^is  an  31  d^cembre 
1904.  Documents  principaux. 

Melun,  Imprimerie  administrative.  In-4°,  vi-573  pages. 
(Prix  :  5  francs.) 


1906  62.  (09.3 

PICARD  (Alfred),  de  I'lnstitut,    commissaire  g^n^ral  de 

I'exposition  de  1900. 
Le  bilan  d'on  sieele  (1801-1900).  T.  2  :  M^canique  g6n6- 

rale.  Electricity.  G6nie  civil  et  moyens  de  transport. 
Paris,  Imprimerie  nationale;  librairie  Le  Soudier.  In-8<>> 

410  pages. 


1906  656  .235 

RAGOT  (Ch.). 

Transports  par  ohemins  de  fer.  Droits  et  devoirs  des  expe- 
diteui*s  et  des  destinataires.  Marchandises  (petite  et  grande 
Vitesse).  Colis  postaux. 

Poligny,  imprimerie  Jacquin.  In-8°,  48  pages.  (Prix  : 
1  franc.) 


f})  The  numbers  placed  over  the  tiUe  o.  each  book  are  those  of  the  decimal  classiflcaiion  proposed  by  the  Railway  Congress  conjointly 
with  the  Office  Bibliographique  International,  of  Brussels.  (See  **  Bibliographical  Decimal  Classifloation  as  applied  to  Railway  Science, "  by 
L.  WRissRNBKncB,  in  the  number  for  November,  1807.  of  the  Bulletin  of  the  International  Railway  Congreu,  p.  1509.) 

N.  B.  —  The  Monthly  Bibliography  is  printed  on  one  side  only  so  that  it  may  be  cut 
up  into  slips  and  pasted  on  labels  for  catalogues  and  indexes. 
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1906  621  .336.  (01 

ROESSLER  (G.),  professeur  a  I'^cole  technique  sup^rieure 

de  Danzig. 
Throne  et  ealcnl  des  lignes  i  eonranta  tlternaiifi.  Traduit 

de  Fallemand  par  E.  Stbinmann,  professeur  k  T^cole  de 

m(k;anique  de  Geneve. 
Paris,  Cb.  B^ranger.  1  volume  in-S**,  60  figures  dans  le 

teste  et  7  planches  hors  texte.  (Prix  :  12  francs.) 


1906  621  .2  (02 

STODOLA  (A.),  professeur  ^  T^cole  poljtechnique  f(§d6rale 
de  Zurich. 

Les  turbines  k  yapenr.  Ouvrage  suivi  de  considerations 
sur  les  machines  thermiques  et  leur  avenir  ainsi  que  sur  la 
turbine  k  gaz.  Traduit  d^apr^s  la  3"  edition  allemande  par 
E.  Hahn,  directeur  du  laboratoire  de  m6canique  appliqu6e 
a  runivei*sit6  de  Nancv. 

Paris,  Dunod  &  Pinat.  In-8»,  viii-636  pages,  434  figures. 
<Prix  :  2.0  francs.) 


In   German. 


621  .33 


1906 

BERTHOLD  (Max). 

Die  Verwaltnngflprazis  bei  Blektrizititswerken  nnd  bei 
elektiischen  Strassen-  and  Kleinbahnen. 

Berlin,  Julius  Springer.  (Preis  :  8  Mark.) 


385  .4  (.4) 


1906 

EXNER  (Wilhelm),  Sektionschef. 

Stndien  aber  die  Verwaltang  des  Eisenbabnwesens  mittel- 
eoiopiiisoher  Staaten. 

Wien,  Otto  Maass'  Sohne. 


1906  62.  (02 

Fehlands  Ingenienr  Kalender  1907.  For  Maschinen-  und 

Hiitteningenieure.  Herausgegeben  von  Prof.  Fr.  Freytag. 
Berlin,    Julius   Springer.  29.  Jahrgang,  2    Teile,    in-S®, 

vui-220  und  319  Seiten  mil  Abbildungen  ira  Text.  (Preis  : 

3  Mark.) 

1906  669 

60ERENS    (Paul),    Assistent  am  EisenhuttenmUnnischen 
Institut  der  Koniglichen  Technischen  Hochschule  zu  Aachen. 
Einftihmng  in  die  Hetallographie. 

Halle  a/S.,  Wilheim  Knapp.   185   Seiten  mit  158  Abbil- 
dungen. (Preis :  10  Mark.) 


626.1(02  I 


1906 

HARTMANN  (M.),  Prof. 

Elemente  des  Eisenbabnbaues. 

Leipzig,  J.  J.   Weber.  300  Abbildungen,  20  Tafeln  und 
1  Tabelle.  (Preis  :  6  Mark.) 


1906  666  .235 

HENKEL  (W.),  EisenbahnsekretMr. 

Eisenbabn-Gtttartarif  Kn  Franktot-a,/M.,  Offenbach  und 
Hauau. 


1906  62.  (02 

Heniinger  von  Waldegg  s  Eisenbahnteohniker-Ealender  fiir 

1907.  Unter  Mitwirkung  ^on  Fachgenossen  von  A.  W. 

Meyer,  Regierungs-  und  Bauratin  Allenstein. 
Wiesbaden,  Verlag  von  J.  F.  Bergmann.  34.  Neubearbeitung. 

(Preis :  4  Mark.) 


1906  624  .6  (02 

LASKUS  (A.),  Regierungsrat. 

G.  Tolkmitt  Leitfaden  fUr  das  Sntwerfan  and  die  Bereeh- 
nnng  gew'dlbter  Br^eken. 

Berlin,  Wilheim  Ernst  &  Sohn.  2.  Auflage,  in-S©,  105  Seiten 
mit  37  Abbildungen.  (Preis  :  5  Mark.) 


1906 

LOTZ  (Walter),  Prof.  Dr. 
Verkehrsentwioklnng  in  Dentschland,  1800-1900. 
Leipzig-Berlin,  Verlag  von  B.  G.  Teubner.  2.  Auflage. 


666.2 


62.  (01 


1906 

MEHRTENS  (Gcorg  Christoph). 

Vorlesongen  iiber  Statik  der  Baukonsti  nktionan  and 
Pestigkeitslehre.  In  3  Banden.  —  3.  Band  ;  Formande- 
rungen  und  statisch  unbestimmte  TrJlger. 

Leipzig,  Wilheim  Engelmann.  In-8^  xiv-478  Seiten, 
330  z.  T.  farbigen  Abbildungen  im  Text.  (Preis  :  20  Mark.) 


656  .24 


1906 

RUNDNA6EL.  Dr.  jur.  Regierungsrat. 

Die  Haftang  der  Eisenbahn  f&r  Verlast,  Besch&digang  and 
LieferfristUberselureitaiig  naeh  deatsohem  Eisenbahnfraoht- 
recht. 

Leipzig,  Theodor  Weicher.  (Preis  :  6  Mark.) 


385.  (02 


1906 

SCHARR  (August). 

Deutscher  Eisenbahnkalender  1907. 

Berlin,  Ad.  Bodenburg.  13.  Jahri?ang,   in-8»,  272   Seiten. 
(Preis  :  1  Mark.) 


1906  621  .1  (02 

SEUFERT  (Fr.). 

Anleitung  zur  DurchfQhrung  von  Versuchen  an  Dampf- 
maschinen  und  Dampfkesseln. 

Berlin,  Julius  Springer.  63  Seiten  mit  36  Figuren.  (Preis  : 
1.60  Mark.) 
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1906  62.  (02 

SttiUens  Ingenienr-Kalender  far  Hasohinen-  and  HUtten- 

t^ohniker,   1907.  Herausgegeben   yon  C.   Franzen  und 

K.  Math^b. 

Essen,  O.  D.  Baedeker.  42.  Jahrgang,  2  Teile,  in-8o,  vii-214 

und  vii-166  Seiten  mit  Abbildungen.  (Preis  :  4  Mark.) 


In    Snerlish. 


1906  621  .117.  (02  A  621  .137.1  (02 

BALE(M.  Powis). 

A  handbook  for  steam  users :  being  rules  for  engine 
drivers  and  boiler  attendants. 

New  York,  Longmans,  Green  &  Go.  Fifth  edition,  13  +  121 
pages,  diagrams.  (Price  :  $1.) 


621  .13  (09.3 


1906 

BENNETT  (A.  R.),  M.  I.  E.  E. 

Historic  locomotives  and  moving  accidents  by  steam  and 
rail. 

London,  Cassell  <fe  Co.  (Price  :  2*.  6rf.) 


1906  625  .2  (01 

British  standard  specifications  for  material  used  in  the 

constrnction  of  railway  rolling  stock. 

London,  Lockwood.  Folioi  (Price  :  10*.  6d.) 

1906  621  .33  (02 

DAWSON  (Philip). 

The  engineering  and  electric  traetion  pocket  book. 

London,  Engineering,  (6  3/^  X  4  V4  X  1  ^4  inches),  1,053 
pages.  (Price  :  20».) 


1906  385  .4 

DEWSNUP  (Ernest  Ritson). 

Railway  organization  and  working  :  a  series  of  lectures 
delivered  before  the  railway  classes  of  the  university  of 
Chicago. 

Chicago,  University  Press.  8vo  cloth,  8+498  pages.  (Price  : 
$2.) 


1906  694.  (02 

ELLIS  (G.). 

Modern  practical  carpentry  for  use  of  workmen,  bnilders, 
architects,  and  engineers. 

London,  Batsford.  8^0  (10  s/^'x  7  ^4  inches),  406  pages, 
illustrations.  (Price  :  12*.  6d.) 


1906  62.  (02 

FRANKUN  (W.). 

The  elements  of  electrical  engineering  :  a  text-hook  for 
technical  schools  and  colleges. 

New  York.  Macmillan.  8^0  cloth,  13  +  517  pages.  (Price  : 
$4.50.) 


1906  389 

HALLOGK  (William),  Ph.  D.,  &  WADE  (Herbert  T.). 
Ontlines  of  the  evolution  of  weights  and  measures  and  the 

metric  system. 
New  York,  The  Macmillan  Co.;  London,  Macmillan  &  Go. 

(Price  :  10«.) 

1906  621  439 

HENDERSON  (George  R.). 

Cost  ef  locomotive  operation. 

New  York,  The  Railroad  Gazette.  192  pages.  (Price  : 
$2.50.) 

1906  62.  (02 

IVES  (H.  G.)  &  HILTS  (H.  E.). 

Manual  of  field  engineering. 

New  York,  John  Wiley  A  Son.  Pocket  size,  136  pages. 
(Price  :  $1.50.) 

1906  621  .1  (02 

JAMIESON  (A.). 
Elementary  manual  on  steam  and  steam  engine. 

London,  Griffin.  Eleventh  edition,  S^o  (7  1/2  X  4  ^/^  inches), 
370  pages.  (Price  :  3*.  6d.) 

1906  621  .1  (02 

JAMIESON  (A.). 

Text* book  of  steam  and  steam  engines,  including  turbine 
boilers. 

London,  Griffin.  Fifteenth  edition,  8vo  (8  X  5  inches), 
842  pages.  (Price ;  iOs,  6d.) 


62.  (02 


1906 

JAMIESON  (A). 

Tezt-book  of  applied  mechanics  and  mechanical  engineering. 

London,  Griffin.  Fifth  edition,  vol.  2,  8vo  (8X5  inches), 
834  pages.  (Price  :  12*.  6d.). 


621  .13  (02 


1906 

Locomotive  dictionary. 

London,  The  Railway  Gazette.  First  edition  (12  X  8  V2 
X  1  ^'2  inches).  5,148  illustrations.  (Price:  29«.) 


1906  62.  (02 

*'  Mechanical  world ''  pocket  diary  and  year  book  for  1907. 

Containing  a  collection  of  useful  engineering  notes,  rules, 

tables  and  data. 

Manchester,  Emmott   A   Go.    Cloth  (6  ^4   X    4    inches), 

399   pages.   72  illustrations  in  the  text,  and   many    tables. 

(Price :  6d.) 


Digitized  by 


Google 


Digitized  by 


Google 


—  4  — 


1906  656  .25  (06  (.73) 

RAILWAY  SIGNAL  ASSOCIATION. 

Digest  of  prooeedings,  1895-1906. 

South  Belhleem,  Pa.,  C.  Rosenberg,  Secy.  L.  V.  R.  R. 
Cloth,  2  volumes  (9  V2  X  6  inches),  557  +480  pages,  folding 
and  other  plates,  and  text  illustrations. 


1906 
SLOCUM  (S.  E.)  &  HANCOCK  (E.  L).  ' 
Text-book  ob  the  strength  of  materials. 
Boston,  Ginn.  8^0,  13  -j-  314  pages,  illusti-ations. 

$2.) 


62.(01 


(Price  ; 


1906  386  .1 

WEBB  (Walter  Loring). 

Economies  of  railway  eonstrnotion. 

New  York,  John  Wiley  <&  Sons.  (8  ^U  X  5  V2  inches),  cloth, 
324  pages.  (Price  :  $2.50.) 


1906  669  .1 

WEST  (T.  Dyson). 

Metallurgy  of  cast  iron  :  a  complete  exposition  of  the 
processes  involved  in  its  treatment,  chemically  and  physic- 
ally, from  the  blast  furnace  through  the  foundry  to  the 
testing  machine. 

Cleveland,  0.  Cleveland  Printing  A  Publishing  Co.  Tenth 
edition,  12mo,  cloth,  20  +  627  pages,  illustrations,  diagrams. 
(Price  :  $3.) 

In    Italian. 


691.(01 


1906 

PESENTI  (Ces.),  ing. 

n  eemento  annate  ed  il  oemente  semiarmato  :  ricerche 
teoriche  e  lore  pratiche  applicazionl. 

Bergamo,  Istituto  italiano  d'arti  graflche.  In-Ss  269  pagine, 
fig.  con  tavola.  (Prezzo  :  L.  8.) 
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(NoYembar,  1906.) 


In  French. 


i%nnMle»   de»    chemln*   de    fen   et   tnam-vwrays. 

:P«rte.) 

1908  385 

Annales  des  chemins  de  fer  et  tramways,  9«  livraison,  p.  17. 

Etude  sur  le  monopole  de  fail  des  compagnies  de 
chemins  de  fer  et  sur  les  limites  l^ales  de  leur  activity 
industrielle  et  commerciale.  (10.000  mots.) 


Bulletin    da    <:oncre»    International 
de«    ehemln*    de    fer.    ;BnM«llM.) 

1906  625 .144.4 

Bull,  du  Congr^des  chemins  de  fer,  n<>  11,  novembre,  p.  1285. 

SCHLUSSEL  (L.).  —  Note  sur  le  desserrage  des  assem- 
blages a  vis  dans  les  voles  de  chemins  de  fer.  (6,800 
mots  &  ^g,) 

1906  625 .143.3 

Bull,  du  Congr^s  des  chemins  de  fer,  n®  1 1 ,  novembre,  p.  1305. 

LUBIMOFF  (L6on  dk).  —  Note  sur  Tusure  des  rails. 
(4,000  mots,  5  tableaux  &  fig.) 

1906  656 .259 

Bull,  du  Gongr^  des  chemins  de  fer,  n^  ll,novembre,p.  1320. 

LUX  (Friedrich).  —  LMndicateur  des  frequences  et 
des  vitesses  Frabm.  (5,200  mots<&  fig.) 

1906  656  .237 

Bull,  du  Congris  des  chemins  de  fer,  n«  ll.novembre.p.  1333. 

Com p lability  (question  XIV,  7«  session).  Discussion. 
(13.900  mots.) 

1906  656 .237 

Bull,  du  Congrte  des  chemins  de  fer,  n®  11,  novembre,  p.  1362. 

RICHTER  (J.  de).  —  Complabilite  (question  XIV. 
7«  session).  —  Lettre  au  sujet  des  conclusions  de  Texpos^ 
n**  2.  —  Annexe  k  la  discussion.  (1 ,600  mots.) 

1906  385 .581 

Bull,  du  Congr^  des  chemins  de  fer,  n**  11,  novembre,  p.  1367. 

Duree  el  reglementation  du  travail  (question  XV, 
7«  session).  Discussion.  (7,200  mots.) 

1906  385 .57 

Bull,  du  Congrte  des  chemins  de  fer,  n®  11,  novembre,  p.  1384. 
ARTHURTON  (Alfred  W.).  —  Uinstruclion  profes- 
sionnelle  du  personnel  des  chemins  de  fer  :  la  «  Lecture 
and  Debating  Society  »  du  «  Great  Western  Railway  »♦. 
(3,250  mots.) 


1906  625 .143.4 

Bull,  du  Congrto  des  chemins  de  fer,no  11, novembre,  p.  1389. 

Le  joint  k  double  traverse  en  fer  et  le  cheminement 
des  rails.  (3,250  mots,  1  tableau  &  fig.) 


1906  625 .143.5 

Bull,  du  Congrto  des  chemins  de  fer,  n<*ll,  novembre,  p.  1395. 

Essais  du  tirefond  Lakhovsky.  (3,300  mots  &  &g.) 


1906  625  .251 

Bull,  du  Congrte  des  chemins  de  fer,  n<>ll,  novembre, p.  1405. 

L'utilit^  de  proportionner  les  pressions  des  sabots  de 
frein  aux  charges  par  roue.  (1,450  mots.) 


1906  656 .281 

Bull,  du  Congr^s  des  chemins  de  fer,  n^ll,  novembre,  p.  1407. 

L'accident  de  chcmin  de  fer  k  Salisbury.  (1,400  mots.) 


1906  656 .261 

Bull,  du  Congrto  des  chemins  de  fer,  n<>ll,  novembre,  p.  1409. 

Les  compargnies  d*express  am^ricaines.  (1,500  mots.) 


1906  016  .385.  (02 

Bull,  du  Congrte  des  chemins  de  fer,  no  11,  novembre,  p.  107. 

Bibliographie  mensuelle  des  chemins  de  fer.  —  Livres. 
(17  fiches.) 

1906  016  .385.  (05 

Bull,  du  Ck>ngr^  des  chemins  de  fer,  n<>  11,  novembre,  p.  109. 

Bibliographie  mensuelle  des  chemins  de  fer.  —  P^rio- 
diques.  (166  fiches.) 


Bulletin    de    l*ln»tltut    International 
de    bibliographie.  (Bmxellet.) 
1906  02  (.73) 

Bulletin  de  I'lnstitut  intemat.  de  bibliographie,  fasc.  1-3,  p.  5. 

LA    FONTAINE  (H.).  —   Les   bibliolheques  ameri- 
caines.  (5,500  mots.) 


■tulletin  de  la  Socl^te  d*eneoai*asement 
pour  PInduatrle  natlonale.  (Paris.) 

1906  656 .212.6 

Bull,  de  la  So'*.  d'encourag.  pour  I'ind.  nat.,  n©  8,  aoftl-sep- 

lembre-octobre,  p.  869. 

Embarquement  des  charbons  aux  docks  de  Penarth  et 
de  Newport.  (2.400  mots  &  fig.) 
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1906  669 

Bull,  de  la  Soc.  d'encour.  pour  I'ind.  nat.,  no  3,  octobre,  p.  253. 

Contributions  fraugaises  aux  progrds  de  la  metallurgie 
scientifique.  Rapport  de  M.  F.  Osmond.  (6,500  mots.) 


1906  669 

Bull,  de  la  Soc.  d'encour.  pour  Tind.  nat.,  n©  3,  octobre,  p.  268. 

La  situation  de  la  grosse  metallurgie  en  France. 
Rapport  de  MM.  Saladin  et  Charpy.  {15,500  mots  &  4  ta- 
bleaux.) 

1906  669.  (01 

Bull,  de  la  Soc.  d'encour.  pour  Tind.  nat.,  n®  3,  octobre,  p.  315. 

CHESNEAU  (G.).  —  Principes  th6oriques  de  la  precipi- 
tation chimique  envisag^e  comme  methode  d'analyse 
rainerale.  (7,200  mots.) 


1906  669 .1 

Bull,  de  la  Soc.  d'encour.  pour  I'ind.  nat.,  n®  3,  octobre,  p.  338. 

GUILLET.  —  Aciers  nickel-chrome.  (4,600  mots,  3  ta- 
bleaux &  fig.) 


Bull 


1906  669  .1 

all.  de  la  Soc.  d'encour.  pour  I'ind.  nat.,  n®  3,  octobre,  p.  384. 

ROGERS  (F.).  —  Sur  quelques  effets  microscopiques 
produits  sur  les  metaux  par  Faction  des  efforts.  (3,700 
mots,  1  tableau  &  &g,) 

1906  '  669.1 

Bull,  de  la  Soc.  d'encour.  pour  Find,  nat.,  no  3,  octobre,  p.  394. 

LEJEUNE  (P.).  —  Etude  sur  la  trempe  de  Facier. 
(1,400  mots  &  fig.) 


Balletin    de    la    Sool^te    de»    Ins^nleur*    civile 
de    Ihranoe*    (Pwlt.) 

1906  621 .13  (06.4  (.493) 

Bulletin  de  la  Soc.  des  ing.  civ.  de  France,  septembre,  p.  310. 

HERDNER  (A.).  —  Les  locomotives  a  Fcxposilion  de 
Liege,  1905.  (44,000  mots,  tableaux  &  fig.) 


1906  621 .13  (06.4  (.493) 

Bulletin  de  la  Soc.  des  ing.  civ.  de  France,  septembre,  p.  490. 

MALLET  (A.).  —  Observations  au  sujet  du  m6moire 
de  M.  Herdner  sur  les  locomotives  a  Fexposition  de 
Liege.  (2,000  mots.) 


625.3 


O^nle  civil.  (Parts.) 

1906 

(Hnie  civil,  no  1274. 10  novembre,  p.  17. 

•  DUMAS  (A.).  —  Tramway  de  Clermont-Ferrand  au 
Piiy  de  D6me  a  vapeur  et  a  m^canismes  d'adh^rence 
suppl^mentaire.  (3,800  mots  &  fig.) 


•lournal    de»    U*anaLporttt.    (Parte 

1906  625 .13 

Journal  des  transports,  no  46,  17  novembre,  p.  541. 

HA(3UET  (H.).  —  Le  tunnel  sous  la  Manche.  (1,800 
mots  &  fig.] 

■^ortefeullle    ^conomlqae    de»    macblnett.  (Paris.; 

1906  625 .242 

Portefeuilie^conomique  des  machines,  n^Bll,  novembre,  p.  161 . 

Wagon-tremie  de  20  tonnes,  a  d6chargement  automa- 
tique,  systeme  P.  Malissard-Taza.  (1,000  mots  &  fig.) 


1906  625  .251 

PortefeulUe  iconomique  des  machines,  no  611,  novembre,  p.  167 . 

Appareil  pour  Fctude  des  freins  continus,  systeme 
Kapteyn,  (2,700  mots  &  &g.)  (V.  Bulletin  du  CongrH  des 
ch,  de  fef\  n^  8,  aottt,  1906.) 


Revue  ^eonoknl<iiie  liitei*natlonal«9.  {Bruxallet.^ 

1906  625  .61  (01 

Revue  ^conomique  internalionale,  n®  1,  octobre,  p.  225. 

BELLET  fD.).  —  Chronique  des  transports.  (6,300 
mots.) 

1906  385  .14  (.73) 

Revue  ^conomique  internationale,  n^  2,  novembre,  p.  349. 

VIALLATE  (A.).  —  La  question  des  cheroins  de  fer 
aui^  |:tats-Unis.  (10,500  mots.) 


R«%vae  K^oei*ale  de«   citenalnM    <i<»    fer 
et  de»  tpeni'vvey*.  (Paris.  1 

1906  621 .131.2 

Revue  g6n4rale  des  chemins  de  fer,  no  5,  novembre,  p.  287. 

DU  BOUSQUET.  —  Essai  de  pieces  en  acier  moule 
par  la  compagnie  du  cbemin  de  fer  du  Nord.  (650  mots 

&%.)  

1906  621 .134.3 

Revue  gin^ale  des  chemins  de  fer,  n^  5,  novembre,  p.  290. 

SAUVAGE.  —  La  distribution  Walschaerts  aux  Etats- 
Unis.  (1,300  mots.) 

1906  625 .234 

Revue  ginerale  des  chemins  de  fer,  no  5,  novembre,  p.  293. 

DUPRIEZ.  —  Le  chauffage  des  trains  sur  les  lignes 
exploit^es  par  la  compagnie  du  cbemin  de  fer,  k  voie  de 
1  m6tre  de  Hermes  k  Beaumont.  (4,200  mots,  4  tableaux 
&fig.) 
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1906  313  .385  (.42) 

Revue  g^n^rale  des  chemiiis  de  fer,  qo  5,  novembre,  p.  306. 

R^um^  du  rapport  du  «  Board  of  Trade  ~  sur  la  lon- 
gueur, la  situation  financiere  et  les  r^ultats  g^n^raux 
de  rcxploitation  des  chemins  de  fer  du  Royaume-Uni, 

pour  Tann^  1904.  (12  tableaux.) 

1906  313  .385  (.92)  &  313  :  625  .61  (.92) 

Revue  genirale  des  chemins  de  fer,  n®  5,  novembre,  p.  315. 

Progres  des  chemins  de  fer  et  des  tramways  a  vapcur 
dans  les  iles  de  Java  et  de  Sumatra  depuis  1874 
jusqu'a  1904.  (1  tableau.) 

1906  313  .385  (.92) 

Revue  gen^rale  des  chemins  de  fer,  n®  5,  novembre,  p.  316. 

Statistique  des  resultats  obtenus  en  190^  sur  le 
reseau  des  chemins  de  fer  de  Sumatra.  (5  tableaux.) 

1906  313  .385  (.92) 

Revae  g^n^rale  des  chemins  de  fer,  n^  5,  novembre,  p.  319. 

Statistique  des  resultats  obtenus  en  1904  sur  le 
reseau  des  chemins  de  fer  de  Java.  (5  tableaux.) 

1906  625 .13 

Revue  gdn^rale  des  chemins  de  fer,  no  5,  novembre,  p.  322. 

Le  tunnel  sous  la  Manche.  (6,000  mots.) 

1906  656  .256 

Revue  g^n^rale  des  chemins  de  fer,  n^  5,  novembre,  p.  331. 

Signaux  automatiques  de  block-system  pour  chemins 
de  fer  et  tramways  k  voie  normal  ement  ouverte  et  a  cou- 
rant  intermittent,  avec  contrdleurs  de  passage  a  I'arrfit. 
syst^me  Berard,  Dardeau  et  Detroyat.  (2,200  mots  &  fig.) 

1906  625.13 

Revue  g^n^rale  des  chemins  de  fer,  n®  5,  novembre,  p.  337. 

Les  sources  du  tunnel  du  Simplon.  [700  mots  &  fig.) 


Revue  politl4iiie  et  p«ii*leiiieiiUiili-e«  (Pmrlt.) 


1906 


385  .21 


Revue  politique  ek  parlementaire,  no  149,  novembre,  p.  357. 

COLSON  (C).  —  Revue  des  questions  de  transports. 
—  La  navigation  int^rieure  en  1905.  (6,000  mots.) 


In    German. 


AunMleo   fikr  6e^ei'ft>e  uii<l  IftMU'M^eaien.  (B«rllM.) 

1906  .  621.131.3 

Annalen  fur  Gewerbe  und  Bauw.,  N'  705,  1.  November,  p.  161. 

PFLUG-CHARLOTTENBURG.  —  Ergebnisse  der 
Lokomotivpriifungen  auf  dem  Versuchsstand  der  Penn- 
sylvania-Bahn,  Welt-Ausstelluiig  St.  Louis  1904.  (2,500 
W6rter,  Tabellen  &  Fig.) 


1906  621 .132.8 

Annalen  fi^r  Gewerbe  und  Bauw.,  H'  705, 1.  November,  p.  169. 

GUILLERY.  —  Neueres  Qbcr  Triebwagen  far  Eisen- 
bahnen.  (4,200  WOrter.) 

1906  621  .13  (06.4  (.433) 

Annalen  fur  Gewerbe  und  Bauw.,  N'  705, 1.  November,  p.  173. 

HERING  (K.).  —  Das  Verkehrs-  und  Maschinenwesen 
auf  der  bayerischen  Jubilaums-Landesausstellung  zu 
NQmberg  1906.  (2,000  W5rter  &  Fig.) 

1906  388  (.73) 

Annalen  fiir  Gewerbe  und  Bauw.,  N^ 706, 15.  November,  p.  184. 

BLUM.  —  Der  Verkehr  von  Gross-New  York.  (3,200 
W5rter  &  Fig.) 

Archlv  r&r  Ei»enl>«hni;ve»en.  (BmHr.) 

1906  385.  (01  (.68) 

Archiv  fur  Eisenbahnw.,  Heft  6,  November-Dezember,  p.  1149. 

KUPKA  (P.  F.).  —  Die  Eisenbahnen  Sudafrikas. 
(4,000  WOrter  &  Fig.) 

1906  656  .222.1  (.73) 

Archiv  lur  Eisenbahnw.,  Hell  6,  November-Dezember,  p.  1206. 

SCHULZE  (W.  A.).  -T-  Die  Fahrgeschwindigkeit  der 
amerikanischen  Eisenbahnen.  (2,500  WOrter  &  Ta- 
bellen.) 

1906  313  .385  (.494) 

Archiv  fiir  Eisenbahnw.,  Heft  6,  November-Dezember,  p.  1221. 

Die  Eisenbahnen  der  Schweiz  im  Jahre  1904.  ^Ta- 
bellen.) 

1906  313  .385  (.494) 

Archiv  lur  Eisenbahnw.,  HeA6,  November-Dezember,  p.  1231. 

Die  Gotlhardbahn  im  Jahre  1905.  (Tabellen.) 

1906  313  .385  (.493) 

Archiv  fiir  Eisenbahnw.,  Heft  6,  November-Dezember,  p.  1237. 

Die  belgischen  Eisenbahnen  in  den  Jahren  1905 
und  1904.  (Tabellen.) 

1906  313  .385  (.73) 

Archiv  fur  Eisenbahnw,,  Heft  6,  November-Dezember,  p.  1252. 

Die  Eisenbahnen  der  Vereiniglen  Staaten  von  Ame- 
rika  in  den  Jahren  1902/1905  und  1905/1904.  (1,300 
WGricr,  Tabellen  &  Fig.) 


1906  385.  (09.3  (.72) 

Archiv  Air  Eisenbahnw.,  Heft  6,  November-Dezember,  p.  1284. 

Die  Eisenbahnen  der  Insel  Cuba.  (1, 800  M'5rter&  Fig.) 


1906  313  .385  (.47) 

Archiv  fur  Eisenbahnw.,  Heft  6,  November-Dezember,  p.  1299. 

Statistisches   von  den  Eisenbahnen   Russia nds.  (Ta- 
bellen.) 
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Beton  uud  Elaen.  (B«rllB.) 

1906  624 .2 

Beton  und  Eisen,  Heft  X,  p.  244. 
—  —  XI,  p.  281. 

ZIPKES  fS.).    —  Fachwerktrager   aus  Eisenbelon. 
(4.000  WOrter,  'I  Tabellen  &  Fig.) 

1906  624.  (01 

Beton  und  Eisen,  Heft  XI,  p.  269. 

FORESTIER  (V.).  —  Les  ponls  de  chemins  de  fer  en 
ciment  arm^.  (2,000  mots  &  fig.) 


OBaftterreUsbiacbe    BI»eii|>atia«Zelt,un«.  (WImi.) 

1906  385  .517  (.433) 

(Esterreichische  Eisenbabn-Zeitung,  N' 30,  29.  Oktober,  p.  281. 

FELDSCHAREK(F.).  —  Die  Woblfahrtseinrichtungen 
der  kgl.  bayeiiscben  Staatseisenbahnen.  (1,400  W5rter.) 


1906  385  .15  (.436) 

OEsterreichische  Eisenbahn-Zeitung,  N'33, 19.Nbveinb.,  p.  309. 

STRACH  (H.).  —  Die  Verslaatlichung  der  Kaiser 
Ferdinands-Nordbahn.  (2,600  WOrter. ' 


Elektriache  Bahnen  und  Betriebe. 
Zeltachrift  rAi*  Verkehr*-  und  Xranapoi^tiweaen. 

MOnoli«ft.) 

1906  621 .33 

Elektriscbe  Bahneu  u.  Betriebe,  Heft  31,    3.  November,  p.  589. 

—  —        —    32,14.        —         p.  609. 

\VYSSLING(W.).  —  Mitteilungen  der  schweizeriscbcn 

SUidienkommission  fUr  elektrlsehen  Bahnbelrieb.  (7,0CK) 

Worter,  7  Tabellen  &  Fig.) 

1906  656 .212.6 

Elektriscbe  Bahncn  u.  Betriebe,  Heft  31,  3.  November,  p.  592. 

KOLBEN  (E.).  —  Transporteinrichtungen  in  Hutten- 
und  Walzwerken.  (1,800  WOrter&  Fig.) 

1908  621 .33  (.436) 

Elektriscbe  Bahnen  u.  Betriebe,  Heft  33,  24.  November,  p.  629. 

ROSA  (K.).  —  Der  elektriscbe  Betrieb  der  Wiener 
Sladlbahn.  (1,900  W6rter  &  Fig.) 


Orifitu    rui-   die    Foi-tj»clirltt49  dea   Blaenbahn- 
>ve«en»  In  teclinlacliei*  Bezleliunfi.  (Wlttbrnten.) 

1906  626 .231 

Organ  fur  die  Fortschritte  des  Eisenbahnw.,  10.  Heft,  p.  189. 

COURTIN.  —  Zellen-Wagen  fQr   Bef6rderung  von 
Gefangenen.  (1,000  WOrter  &  Fig.) 

1906  626.172 

Organ  fiir  die  Fortschritte  des  Eisenbahnw.,  10.  Heft,  p.  193. 
Reiller's  Slossslufen-Messer  fur  Schienenstosse.  (500 
WOrter  &  Fig.) 


1906  625 .143.5 

Organ  fur  die  Fortschritte  des  Eisenbahnw.,  10.  Heft,  p.  194. 

ODER  (M.).  —  Die  DorpmttUer'sche  Gleisklemme  gegen 
das  Wandern  der  Schienen.  (1,600  WOrter  &  Fig.) 

1906  621 .134.2 

Organ  fiir  die  Fortschritte  des  Eisenbahnw.,  10.  Heft,  p.  196. 

METZELTIN.  —  Neuere  Lokomotivsteuerungen. 
(4,000  Wdrter.  2  Tabellen  &  Fig.) 

1906  .625.231 

Organ  fur  die  Fortschritte  des  Eisenbahnw.,  10.  Heft,  p.  204. 

Stahlerne  Personenwagen  der  New  York  Zentral- 
Bahn.  (500  WOrter.) 

1906  656 .256.3 

Organ  fur  die  Fortschritte  des  Eisenbahnw.,  10.  Heft,  p.  205. 

Elektriscbe  Signalanlage  der  New  York  Zentral  und 
Hudson-Fluss  Babn  in  Neu-York.  (1,200  W5rter.) 

1906  656  .256 

Organ  fur  die  Fortschritte  des  Eisenbahnw.,  11.  Heft,  p.  209. 

EDLER  (R.).  —  Ueber  einige  Anordnungen  der 
Blockwerke  und  Stellwerksteile  zum  Ersatze  der  Hebel- 
und  Unterweg-Sperre  bei  den  Stellhebeln  der  Ausfahr- 
signale  in  Stationen.  (2,400  WOrter  &  Fig.) 

1906  625  .14  (01 

Organ  fiir  die  Fortschritte  des  Eisenbahnw.,  11.  Heft,  p.  216. 

FRANCKE  (A.).  —  Der  Balken  mit  elaslisch  gebun- 
denen  Auflagern  bei  Unsymmetrie  mit  Bezugnabme  auf 
die  Verhitltnisse  des  Eisen babnoberbaues.  (1,300  WOrter 
&  Fig.)  

1906  621 .131.1 

Organ  fiir  die  Fortschritte  des  Eisenbahnw.,  11.  Heft,  p.  219. 

WEHRENFENNIG  (E.).  —  Sandslreu-Vorrichlung 
Bauart  Haas.  (550  Wftrter.) 


1906  625  .143.  (01 

Organ  fur  die  Fortschritte  des  Eisenbahnw.,  11.  Heft,  p.  223. 

BLlvM  (0.1.  —  Die  Verwendung  von  alten  Schienen 
auf  den  Eisenbahnen  Indiens  und  Ceylons.  (500  Worter 
&  Fig;)  

1906  624  .2  (01  d  721  .9  (01 

Organ  fiir  die  Fortschritte  des  Eisenbahnw.,  11.  Heft,  p.  224. 

BARKHAUSEN  (G.).  —  Tbeorie  der  Verbundbauten 
in  Eisenbelon  und  ibreAnwendung.  (4,500  WOrter& Fig.) 

1906  625 .13 

Organ  f&r  die  Fortschritte  des  Eisenbahnw.,  11.  Heft,  p.  234. 

Einspurige  und  zweispurige  Alpentunnel.  (300  Wttrter 
&  Fig.)  

1906  625 .142.2 

Organ  fur  die  Fortschritte  des  Eisenbahnw.,  11.  Heft,  p.  234. 

Ueber  Holzlriinkung  (1,500  WOrt(M'  &  1  Tabelle.) 
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906  625.143.4 

fan  fur  die  Portschritte  des  Bisenbahnw.,  11.  Heft,  p.  236. 

5chleef*s    Beseitigung   der  Stossfuge  im   Eisenbahn- 
ise.  (350  Wftrter  &  Fig.) 


L906  625  .233 

^an  fQr  die  Portschritte  des  Eisenbahnw.,  11.  Heft,  p.  237. 

Elroy-Zugbeleuchlung.  (500  WOrter  &  Fig.) 


SohxnrelKeriaebe  Batizeltvtnic.  (Zlfitk.) 

1906  621 .33 

hweizerische  Batiseituog,  N'  16,  20.  Oktober,  p.  189. 
—  —  NM7,  27.      —        p.  201. 

WYSSLING  rW.).  —  Mitteilungen  der  schweize- 
schen  Studienkommission  fur  elektriscben  Bahnbe- 
ieb.  (5,000  W5rter  &  7  Tabellen.) 


1906  621  .33 

shweizeriscbe  Bauzeitung,  N"^  19, 10.  November,  p.  227. 

KUMMER  (W.).  —  Ueber  die  Anfahrbeschleunigung 
?i    elektriscben    Babnen.    (2,200   WOrter,    1    Tabelle 
Fig.) 


lelt«ebr|rt  de*  <y»tei*i*elchlaoheii  IniKenleui*-  and 
A.i*ehltekten-Verelne».  (Wl«n.) 

1906  625 .113 

eit.  des 6st.  Ingea.- und  Archil.- Ver.,  N'45, 9. Novemb., p.617. 

WESSELY  (A).    --  Zur  Theorie  des  Uebergangs- 
logens.  (2,600  WOrter,  3  Tabellen  &  Fig.) 


ZeltAOlirlft    r&r    Klelnbahnen.    (■•ma.) 

1906  313  :  625  .61  (.493) 

Jeitechrift  fur  Kleinbahnen,  Heft  11,  November,  p.  712. 

Die  Kleinbabnen  in  Belgien  im  Jahre  1905.  (Tabellen.) 


Reltttchi^rt  dea  Verelne*  dentscber  Ingenleiire* 

(B«mii.) 
1906  656 .212.6 

Eeit.  des  Vereines  deutsch.  Ingen.,  N^"  42,  20.  Oktober,  p.  1697. 

BOTTCHER   (A.j.    —   Hammerwippkran   fQr   150   t 
rrOsste  Last.  (1,200  WOrter  &  Fig.) 


1906  621 .33  &  625  .4 

Zeit.  dee  Vereines  deutscher  Ingen.,  N'  43, 27.  Oktober,  p.  1736. 

MULLER  (W.  A.).  —  Die  Wecbselslrom-Hocbbabn 
auf  der  Internationalen  Ausstellung  in  Mailand  1906. 
[1,000  WOrterA  Fig.) 


.  1906  625  .5 

Zeit.  des  Vereines  deutsch.  Ingen.,  N*"  44,  3.  Novemb.,  p.  1769. 

_  _  NM6,17.       —        p.  1867. 

DIETERICH  (G.).  —  Die  Erschliessung  der  nordargen- 
tinischen  Kordilleren  mittels  einer  Bleicbertschen  Drabt- 
seilbabn  fiir  Giiler  und  Personen.  (6,000  WOrter, 
1  Tabelle  &  Fig.). 

Zeltunic   des   Verelna   dentseber    BI«enbaibB« 
vemnraltnniceii.   (Berlin  ) 

1906  385.  (09.1  (.73) 

Zeitung  des  Vereins,  N^  80,  17.  Oktober,  p.  1247. 
—  N'81, 20.      —        p.  1263. 

GIESE  (E.).  —  Einige  Bemerkungen  iiber  die  Bab  nan- 
lage  in  Nordamerika.  (3,600  W5rter  &  Fig.) 


1906  385  .15  (.436) 

Zeitung  des  Vereins,  N'  80, 17.  Oktober,  p.  1251. 
—  N'  81, 20.      —       p.  1265. 

Die   Verstaatlicbung  der  Kaiser    Ferdinands-Nord- 
babn.  (5,600  Wttrter.) 


1906  625 .13 

Zeitung  des  Vereins,  N'82,  24.  Oktober,  p.  1279. 
—  N'-84,  31.      —       p.  1314. 

BERDROW  (W.).  —  Der  Simplontunnel.  (6,000 
Wttrter.) 

1906  656  .222.1  (.434) 

Zeitung  dee  Vereins,  N'82,  24.  Oktober,  p.  1283. 

KUNTZEMULLER  (A.).  —  Die  Fabrgeschwindigkeit 
auf  den  badischen  Eisenbahnen.  (1,200  WOrter  &  1  Ta- 
belle.) 


1906  625  .24  (01 

Zeitung  des  Vereins,  N'  83,  27.  Oktober,  p.  1295. 

MULLER.  —  Guterwagen  mit  erbobter  Ladefabigkeit 
und  mit  Einricbtung  zur  Selbstentladung.  (1,000  W5rter.) 


1906  656 .211.7 

Zeitung  dee  Vereins,  Ni'84,  31.  Oktober,  p.  1311. 

BALTZER  (F.).  —  Der  Eisenbabnfabrdienst  zwiscben 
Stralsund  und  Ragen  und  das  neue  Ffthrschiff  «  Bergen  «. 
(2,000  Wttrter  ) 

1906  .  656 .234  (.45) 

Zeitung  des  Vereins,  N*"  85,  3.  November,  p.  1327. 

Eine  Reform  der  italieniscben  Personentarife.  (800 
WOrter  &  1  Tabelle.) 

1906  656  .2  (01 

Zeitung  des  Vereins,  N'  86, 7.  November,  p.  1343. 

SIGEL.  —  Der  Entwurf  einer  neuen  deutscben  Ver- 
kebrsordnung.  (4,800  Wttrter.) 
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1906  626  .175 

citung  des  Vereins,  N^  87,  10.  Nfivember,  p.  1359. 
KOLL  «F.).  —  Benzinmolor-Draisinen.  (1,000  WOrter.) 

1906  386  .113  (.433) 

«itung  des  Vereins,  N*"  87, 10.  November,  p.  1362. 

Betriebsergebnisse     der    bayerischen     Staatseisen- 
»ahnen  im  Jahre  1905.  (2,400  W5rter.) 


1906  385.  (09.1  (.7) 

eitung  des  Vereins,  N'  88,  14.  November,  p.  1375. 

ERBSTEIN  (A.).  —  Die  panamerikaniscbe  Eisenbahn. 
5,600  WOrter  &  3  Tabellen.) 


1906  656 .222.1 

eilung  des  Vereins,  N'  88,  14.  November,  p.  1379. 

SCHULZE  (W.  A.).  —  Fahrgeschwindigkeiterekord 
tif  deutschen  Eisenbahnstrecken.  (800  Wttrter.) 

1906  656 .235 

eitung  des  Vereins,  N'  89,  17.  November,  p.  1391. 

PITSCH.  —  Annahme  der  Guter  auf  gr«3ssen  Sta- 
Lonen.  (1,900  W5rter.) 

1906  625 .142.2 

leitung  des  Vereins,  N'  89, 17.  November,  p.  1394. 
LIEBENSTEIN  (Frhr.  v.).  —  Neuere  Holztrankungs- 
erfahren.  (1 .700  W'Orter.) 

1906  625 .236 

leitung  des  Vereins,  N'  90,  21.  November,  p.  1407. 

GUILLERY  (C).  —  SUabsattgeanlage  mit  Betrieb 
lurch  Druckluft.  (1.800  W6rter.) 

1906  656  .254 

eitung  des  Vereins,  Nr91,  24.  November,  p.  1423. 

MARTENS  (H.  A.).  —  Nachricbtengebung  vom 
ahrenden  Zuge.  (1,000  WOrter.) 


Zeiiti"«lbl*tt   der    B«avei*iw*ltaiic.    {■•rllB.} 

1906  656.211.4  d  726.31 

entralblaU  dar  Bauverwaltung,  N'91, 10.  November,  p.  580. 

EVERKEN.  —  Die  neuen  Bahnhofsanlagen  in  und 
ei  Wiesbaden.  (1,700  Worter  &  Fig.) 


In  Bnglisli. 


AmerleeiM    Basins 
and  R«llro«d  Journal. 


»r 

(New  Yerk.) 


1906  621.132.4 

^merican  Engineer  d  R.  Journal,  No.  11,  November,  p.  411. 

Cole  four-cylinder  balanced  compound  PaciGc  type 
>comotive.  (1,500  words  &  ^g.) 


1906  621  .134  3 

American  Engineer  &  R.  Journal,  No.  11,  November,  p.  426. 

COSTER  {E.  L.).  —  The  mathematical  analysis  of  the 
Walscbaert  valve  gear.  (1,400  words  &  ^g.) 


American    If  aohlnlsl.    (Il«w  Ytrk.) 

1906  61.  (08 

American  Machinist,  No.  44,  November  17,  p.  555. 

KENNEDY   (H.    J.).    —    An    ingenious    calculating 
machine.  (5,000  words,  tables  &  fig.) 

1906  727  .4 

American  Machinist,  No.  45,  Noveknber  24,  p.  593. 

The  new  engineering  building  of  the  university  of 
Pennsylvania.  (2,400  words  &  ^g.) 


Bnlleein  of  the  IntematlonnI  Ralliway  C^nfipres*. 

(■ratMlt.) 
1906  625 .251 

Bulletin  of  the  Railway  Congress,  No.  11,  November,  p.  1647. 

FUHR  (A.).  —  The  Kapteyn  apparatus  for  recording 
continuous  brake  trials.  (2,500  words  &  fig.) 


1906  621  .335 

Bulletin  of  the  Railway  Congress,  No.  11,  November,  p.  1657. 

HILD  (F.  W.).  —  The  gasoline  car  for  interurban 
service.  (6,600  words  &  ^g.) 

1906  621  .131.3  <fe  656  .222.1 

Bulletin  of  the  Railway  Congress,  No.  11,  November,  p.  1672. 

Recent  high-spe«d  trials  of  steam  locomotives.  (2,900 
words  &  2  tables.) 

1906  385,  (09.1  (.54) 

Bulletin  of  the  Railway  Congress,  No.  11,  November,  p.  1679. 

BLUM  &  GIESE  (E.).  —  The  passenger  service  on 
the  Ceylon  railways.  (2,100  words,  2  tables  &  fig.) 

1906  656 .23 

Bulletin  of  the  Railway  Congress,  No.  11,  November,  p.  1685. 

Suburban  traffic  (question  XII,  1^^  session).  Discussion. 
(11.700  words.) 

1906  656  .235 

Bulietm  of  the  Railway  Congress,  No.  11,  November,  p.  1711. 

Slow  freight  rates  (question  Xin,  7"»  session).  Discus- 
sion. (14,000  words.) 

190^  656  .235  (.54) 

Bulletin  of  the  Railway  Congress,  No.  11,  November,  p.  1741. 

DRING  (William  A.).  —  Slow  freight  rates  (ques- 
tion Xin,  7^  session).  —  Note  on  the  freight  rates  on  the 
Indian  railways.  —  Appendix  to  the  discussion.  (3,500 
words.) 
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906  54 

letia  of  the  Railway  Congress,  No.  11,  November,  p.  1748. 

he  radium  controversy.  (2,350  words.) 


906  625 .143.2 

letin  of  the  Railway  Congress,  No.  11,  November,  p.  i751. 

Phosphorus  in  steel  rails.  (1,700  words.) 

906  625  .251 

letin  of  the  Railway  Congress,  No.  11,  November,  p.  1754. 

Proportioning  brake-shoe  pressures  to  wheel  loads. 
500  words.) 


906  666 .261 

letin  of  the  Railway  Congress,  No.  11,  November,  p.  1756. 

'he  express  companies.  Q,400  words.) 


906  621 .131.2 

letin  of  the  Railway  Congress,  No.  11,  November,  p.  1758. 

.imits  for  weight  on  axles.  (1,150  words.; 


906  016.385.(02 

letin  of  the  Railway  Congress,  No.  11,  November,  p.  107. 
ionthly  bibliography  of  railways. —  Books.  (1 7  labels). 


906  016  .385.  (05 

letin  of  the  Railway  Congress,  No.  11,  November,  p.  109. 
Ionthly    bibliography  of  railways.  —  Periodicals. 
5  labels.)  

Bnslneer.  (LMioe.; 

906  624 .8 

^ineer.  No.  2651.  October  19,  p.  390. 

^'ew  swing  bridge  at  Velsen.  (1 ,200  words  &  fig.) 

906  725 .32 

pneer.  No.  2652,  October  26,  p.  411. 

'he  new  goods  station  at  Newcastle.  (3,800   words 

tg)  

906  625  .13  &  625  .4 

^neer,  No.  2652,  October  26,  p.  414. 

—        No.  2653,  November  2.  p.  439. 

lALDEN  (G.  M.).  —  Setting  out  of  lube  railways. 

JOO  words,  1  table  &  fig.) 


906  621 .132.8 

f  ineer.  No.  2652,  October  26,  p.  432. 
—        No.  2653,  November  2,  p.  4-56. 

IICHES  (T.  H.)  &  HASLAM  (S.  B.).  —  Railway  motor 
'  traffic.  (4,500  words,  3  tables  A  fig.i 


906  624 .63 

jineer.  No.  2653,  November  2,  p.  442. 

Erection  of  a  concrete  bridge.  (1,100  words  &  fig.) 


1906  621  .132.3 

Engineer,  No.  2653,  November  2,  p.  446. 

Prairie  type  locomotive — Northern  Pacific  Railroad. 
(400  words  &  fig.) 

1906  625 .13 

Engineer,  No.  2654,  November  9,  p.  465. 

The  Channel  tunnel  project.  (2,200  words  &  fig.) 


1906 

Engineer,  No.  2654,  November  9,  p.  484. 

The  Maximus  brake.  (700  words  &  fig.) 


625  .251 


1906  621  .13  (.42) 

Engineer,  No.  2655,  November  16,  p.  500. 
—        No.  2656,        —        23,  p.  518. 

Locomotive  development  on  British  railways.  (4,100 

words  &  tables.) 

1906  621 .132.4 

Engineer,  No.  2655,  November  16,  p.  508. 

Six-coupled  bogie  goods  engine.  (450  words  &  fig.) 


621  .14 


1906 

Engineer,  No.  2856,  November  23,  p.  534. 

CLARKSON  (T.).  —   Steam  as  a  motive  power  for 
public  service  vehicles.  (3,000  words  &  fig.) 


Bnglneerlitg.  (LMita.) 
1906  656 .257 

Engineering,  No.  2130,  October  26,  p.  554. 
—  No.  2131 ,  November  2,  p.  588. 

Electrically  operated  points  and  signals  at  Didcot. 
(3,000  words  &  fig.) 

1906  621  .132.5 

Engineering,  No.  2130,  October  26,  p.  556. 

Four-cylinder  compound  ten-coupled  locomotive; 
Milan  exhibition.  (1,000  words  &  ^g,) 

1906  621 .336 

Engineering,  No.  2130,  October  26,  p.  573. 

JENKIN  (C.  F.).  —  The  advent  of  single-phase  electric 
traction.  (7,700  words.) 


1906  621  .132.8 

Engineering,  No.  2131,  November  2,  p.  591. 

Steam  rail  motor-car  for  the  Lancashire  &  Yorkshire 
Railway.  (500  words  &  fig.) 


1906  626 .616 

Engineering,  No.  2132,  November  9,  p.  632. 

Narrow-gauge  locomotive  at  the  Milan  exhibition. 
(450  words  &  fig.) 
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621 .132.3 


Ingineering,  No.  2133,  November  i6,  p.  673. 

Four-cylinder  compound  six-coupled  locomotive  for 
he  Austrian  State  Railways.  (350  words  &  fig,) 


1906  621 .33 

CngineerlDg,  No.  2134,  November  23,  p.  683. 

The   electrification   of  the  Simplon   tunnel.  (4,500 
rords  &  fig.) 

1906  621.14 

Sngineering,  No.  2134,  November  23,  p.  709. 

CLARKSON   (T.).  —   Steam  as  a  motive  power  for 
)ublic-service  vehicles.  (5,500  words  &,  fig.) 


BniKlneerlns  MaK*zliie.  (LoatfMi.) 

1906  385.  (07.13 

Engineering  Magazine,  November,  p.  169. 

BECKER  (0.  M.).  —  A  modem  adaptation  of  the 
sipprentice-ship  system.  (3,000  words.) 

1906  621 .7 

Bngineering  Magazine,  November,  p.  177. 

JACOBS  (H.  W.).  —  Organization  and  economy  in 
Ihe  railway  machine  shop.  (3.200  words  &  fig.) 


Indian  Englneerlne.  (OalovtU.) 
1906  ^24 .32 

Indian  Engineering,  No.  18,  November  3,  p.  286, 

STONEY  (E.  W.).  —  The  new  Chittravate  bridge, 
Madras  RaUway.  (2,300  words  &  fig.) 


Journal  of  the  Franklin  InaUtute.  (PMIaMlfWa.) 

1906  «21 .133.7 

Journal  of  the  Franklin  Institute,  No.  4,  October,  p.  279. 

KNEASS  (S.  L.).  —  High  pressure  steam  tests  of  an 
injector.  (2,500  words  &  fig.) 


BnglneerlnK  IVeiwa.  (Mw  York.) 

1906  621  .33  (.73) 

Engineering  News,  No.  19,  November  8,  p.  467. 

Conversion  of  the  Atlantic  City  Line  of  the  West  Jersey 
&  Seashore  R.  R.  Co.  (Pennsylvania  R.  R.  System)  to 
electric  traction.  (5,500  words  &  fig.) 


1906  625 .113 

Engineering  News,  No.  20,  November  15,  p.  502. 

ROSS  (T.  A.).  —  A  simplified  method  of  laying  out 
transition  curves.  (600  words,  1  table  &  fig.) 

1906  656  .281 

Engineering  News,  No.  20,  November  15,  p.  514. 

Hails  and  rail-lifts  on  the  thoroughfare  draw  near 
Atlantic  City,  N.  J.,  Newfield  branch  of  West  Jersey 
&  Seashore  R.  R.  (1 ,500  words  &  fig.) 


locomotive  FIremen'a  Magazine.  (Inrtlwiaptllt.) 

1906  «25 .253 

Locomotive  Firemen's  Magazine,  November,  p.  622. 

Westinghouse  compound  air  pumps.  (2,200  words, 
1  table  &  fig.) 

1906  621  .133.7 

Locomotive  Firemen's  Magazine,  November,  p.  629. 

The  modern  locomotive  injector.  (2,800  words,  4  tables 
&  fig.)  

Locomotive  Journal.  (Le«d«.) 

1906  625.13 

Locomotive  Journal,  No.  11,  November,  p.  533. 

The  construction  of  a  new  bridge  under  an  existing 
railway.  (2,700  words  &  fig.) 


Oreat  ISV&mtern  Rall^-ay  Magazine.  (Ltntfen.) 

1906  386  .113  (.42) 

Great  Western  Railway  Magazine,  November,  p.  218. 

The  Board  of  Trade  Railway  returns.  (550  words 
&  tables.") 


I^ocomotlve    Masazlne.  (Lontfoa.) 

1906  ^2^  '^32.8 

Locomotive  Magazine,  No.  171,  November  15,  p.  184. 
Steam  rail  motor  coaches.  (700  words  &  fig.) 


Pase*a   l^eefcly.  (Ltntfoa.) 

1906  ^21  .14 

Page's  Weekly,  No.  115,  November  23,  p.  1139. 

CLARKSON  (T.).  —  Steam  as  a  motive  power  for 
public  service  vehicles.  (2,400  words  &  fig.) 


Pro4see4lliisa  of  Uie    InatltuUon 
of  Ci'vll  Bnslneera.  (Ltadta.) 

19054)6  *5*  -2^*  "^ 

Proceedings  of  the  Inst,  of  Civil  Eng.,  vol.  CLXV,  p^  III,  p.  87 . 

WEBSTER  (J.  J.).  —   The   Widnes  and   Runcorn 
transporter-bridge.  (22,000  words,  tables  &  fig.) 
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1905-06  624 .1 

Proceedings  of  the  Inst,  of  Civil  Eng.,  vol.  GLXV,  p^  III,  p.  219. 

ESLING  (F.  K.).  —  A  problem  relating  to  railway- 
bridge  piers  of  masonry  of  brickwork.  (2,700  words, 
3  tables  &  ^g.) 

1905-06  624 .2 

Proceedings  of  the  Inst,  of  Civil  Kng.,  vol.  CLXV,  p«  III,  p.231. 

BOYCOTT  (G.  W.  M.).  —  Caisson-disease  at  the  New 
High-Level  bridge,  Newcastle-on-Tyne.  (2,000  words, 
1  table  &  fig.) 


1906 


Railroad  GasBette.  (Ntw  Ytrli.) 

621  .132.8  (.42) 


Railroad  Gaiette,  No.  15,  October  12,  p.  310. 

Rail-motor- car    traCQc    in   England.    (2,600    words, 
1  table  &  ^g,) 

1906  621 .132.5 

Railroad  Gazette,  No.  15,  October  12.  p.  315. 

Mallet  compound  locomotive  for  the  Gi'eat  Northern. 
(1.700  words  &  fig.) 

1906      -  621.133.1 

Railroad  Gazette,  No.  16,  October  19,  p.  335. 

BEMENT  (A.).  —  Testing  coal.  (3,300  words.) 


1906  626 .285 

Railroad  Gazette,  No.  16,  October  19,  p.  342. 

Steel  passenger  cars  built  by  the  Pressed  Steel  Car 
Company.  (700  words  &  ^g.) 

1906  621  .132  (.73) 

Railroad  Gazette,  No.  16,  October  19,  p.  344. 

FOWLER  (G.  L.).  —  The  development  of  American 
freight  locomotives.  (2,200  words  &  fig.) 


1906  656  .212.6 

Railroad  Gazette,  No.  17,  October  26,  p.  356. 
Hullett  car  dumping  machine.  (800  words  &  fig.) 


1906  656 .253 

Railroad  Gazette,  No.  17,  October  26,  p.  368. 
A  comprehensive  signaling  scheme.  (500  words  &  ^g.) 


1906  625 .13 

Railroad  Gazette,  No.  18,  November  2,  p.  380. 

The  Pennsylvania  tunnels  Across  Manhattan  Island. 
(1,500  words  &  fig.) 

1906  621  .132.5 

Railroad  Gazette,  No.  18,  November  2,  p.  389. 
Mallet  compounds  for  the  Erie.  (250  words  &  fig.) 


1906  625  .245 

Railroad  Gazette,  No.  18,  November  2,  p.  390. 

Track    inspection    car    on   the    Baltimore   &,   Ohio. 
(1,200  words  &  fig.) 

1906  625 .236 

Railroad  Gazette,  No.  18,  November  2,  p.  392. 

FLORY  (B.  F.).  —  Car  cleaning.  (1,600  words  &  fig.) 


1906  656  .222.1  (.73) 

Railroad  Gazette,  No.  18,  November  2,  p.  394. 
Records  of  fast  runs.  (500  words  &  1  table.) 

1906  621  .132.3 

Railroad  Gazette,  No.  19,  November  9,  p.  406. 

Heavy  Pacific  type  locomotive  for  the  Northern 
Pacific.  (1,500  words  &  fig.) 

1906  621 .132.4 

Railroad  Gazette,  No.  19,  November  9,  p.  414. 

Balanced  compound  Prairie  type  locomotives  for  the 
Atchison,  Topeka  &  Santa  Fe.  (500  words  &  fig.; 

1906  621  ^33  (.73) 

Railroad  Gazette,  No.  19,  November  9,  p.  415. 

Electrification  of  the  West  Jersey  &  Seashore.  (1,800 
words  &  fig.) 

1906  621 .138.2 

Railroad  Gazette,  No.  20,  November  16,  p.  435. 
Anthracite  coal  storage.  (500  words  &  fig.) 


1906  621 .132.8 

Railroad  Gazette,  No.  20,  November  16,  p.  437. 

Union  Pacific  motor  car  No.  8.  (150  words  &  fig.) 


Rall'«way    A,Ke.    (OMoMe-) 

1906  621 .132.5 

Railway  Age,  No.  1585,  October  26,  p.  514. 

Heavy  consolidation  locomotive  for  the  Delaware 
&  Hudson.  (600  words  &  fig.) 

1906  621  .33  (.73) 

Railway  Age,  No.  1587,  November  9,  p.  572. 

Electrical  equipment  of  the  West  Jersey  &  Seashore 
branch  of  the  Pennsylvania  Railroad.  (3,800  words  &  fig.) 

1906  621 .132.3 

Railway  Age,  No.  1587,  November  9,  p.  582. 

Four-cylinder  compound  Pacific  locomotive  for  the 
Northern  Pacific.  (1,200  words  &  fig.  i 

1906  625  .245 

Railway  Age.  No.  1587.  November  9,  p.  589. 

A  car  for  transportation  of  live  poultry.  ,2oO  words 
&fig.) 
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1906  625 .13 

Railway  Age,  No.  1588,  November  16,  p.  609. 

Railway  tunnels  to  Manhattan  Island.  (2,500  words 

&  fig^)  

■tall^Mray    Bnclneer.   (Lontfon.) 

1906  656 .255 

Railway  Engineer,  No.  322,  November,  p.  347. 

Union  Switch  &  Signal  Go's  new  train  staff.  (1,200 
words  4c  fig.) 

Raill^Mray  and  Bnstneerlng  Itevleiw.  (CMosgt.) 

1906  621 .331 

Railway  and  Engineering  Review,  No.  41,  October  13,  p.  794. 

Contracting  for  hydro-electric  power  on  railways. 
'2,300  words  &fig.j 

1906  621 .132.4 

Railway  and  Engineering  Review,  No.  44,  November  3,  p.  848. 

Heavy  Prairie  type  locomotive,  A.  T.  &  S.  F.  Ry. 
(400  words  &  fig) 

1906  621 .7 

Railway  and  Engineering  Review,  No.  44,  November  3,  p.  851. 

Inspection  of  materials  for  railway  equipment  during 
process  of  manufacture  and  construction,  and  its  advan- 
tages. (2,200  words  &  fig.) 


1906  625 .154 

Railway  and  Engineering  Review,  No.  44,  November  3,  p.  853. 

GREENLEAF  (C.  A.).  —  Evolution  of  the   railway 
turntable.  (700  words  &  fig.) 


1906  625  .151  d  656  .257 

Railway  and  Engineering  Review,  No.  46,  November  17,  p.  890. 

New  signals  for  facing-point  switches  on  the  Harri- 
man  lines.  (250  words  &  fig.) 


1906  621  .132.3 

Railway  and  Engineering  Review,  No.  46,  November  17,  p.  894. 

.4-0,000^  locomotive  built  by  the  American  locomotive 
Co.  (800  words  &  fig.) 

1906  626  .144.  (01 

Railway  and  Engineering  Review,  No.  46,  November  17,  p.  895. 

Maintaining  track  for  the  tonnage  and  speed  of  today. 
(2,400  words  &  fig.) 


Itall^mray  Gazette.  (Londtn.) 

1906  621  .32  &  626  .233 

Railway  Gazette,  No.  17,  October  26,  p.  454. 

The  Vickers-hall  system  of  electric  train  lighting. 
800  words  &  fig.j 


1906  621.132.8 

Railway  Gazette,  No.  17,  October  26,  p.  456. 

Rail  motor  car,  Isle  of  Wight  Cenk-al  Railway.  (500 
words  &  fig.) 

1906  621  .132.5 

Railway  Gazette,  No.  17,  October  26,  p.  463. 

Mallet  compound  locomotive  for  the  Great  Northern. 
(1,700  words  &fig.) 

1906  625 .232 

Railway  Gazette,  No.  18,  November  2,  p.  485. 

New  corridor  trains,  Great  Eastern  Railway.  (350 
words  &  fig.) 

1906  625 .235 

Railway  Gazette,  No.  18,  November  2,  p.  490. 

Steel  passenger  cars  built  by  the  Pressed  Steel  Car 
Company.  (700  words  &  fig.) 


1906  621  .132  (.73) 

Railway  Gazette,  No.  18,  November  2.  p.  492. 

FOWLER  (G.  L.).  —  The  development  of  American 
freight  locomotives.  (2,200  words  &  fig.) 


1906  656 .253 

Railway  Gazette,  No.  19,  November  9,  p.  516. 
A  comprehensive  signaling  scheme.  (500  words  &  fig.) 

1906  621  .336 

Railway  Gazette,  No.  20,  November  16,  p.  530. 

JENKIN  (C.  F.).  —  Single-phase  electric  traction. 
(2,600  words  &  Rg,} 

1906  656  .255 

Railway  Gazette,  No.  20,  November  16,  p.  533. 

Improvements  in  signalling  on  single  lines.  (1,100 
words  &  fig.) 

1906  625  .236 

Railway  Gazette,  No.  20,  November  16,  p.  540. 

FLORY  (B.  F.).  —  Car  cleaning.  (1,600  words  &  fig.) 


1906  656  .222.1  (.73) 

Railway  Gazette,  No.  20,  November  16,  p.  542. 
Records  of  fast  runs.  (500  words  &  1  table.) 


1906  621  .132.8 

Railway  Gazette,  No.  21,  November  23,  p.  557. 

Condensing  in  steam-electric  locomotives.  (500  words 
&  fig.)  

1906  621 .33  (.73) 

Railway  Gazette,  No.  21,  November  23,  p.  563. 

Electrification  of  the  West  Jersey  &  Seashore.  (1,500 
words  &&g  ) 
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Railway  and   lA>coniotlve  Knislneerlns.  (New  York.) 

1906  624 .63 

Railway  and  Locomotive  Engineering,  November,  p.  491. 

Concrete  viaduct.  (700  words  &  fig.) 


Rall'wray  Maehlnery.  ^Now  York.) 

1906  621  .131.2 

Railway  Machinery,  November,  p.  116. 

FOWLER  (G.  L.)  &  MELLIN  (C.  J.).  —  The  designing 
of  a  locomotive.  (1 ,600  words  &  fig.) 


Rall^vay    Magazine.    (London.) 

1906  385.  (09.1  (.42) 

Railway  Magazine,  No.  113,  November,  p.  393. 

SEKON  (G.  A.).  —  Illustrated  interview.  (4,800  words, 
1  table  &  fig.) 

1906  656  .211.5 

Railway  Magazine,  No.  113,  November,  p.  416. 

New   train   departure  indicator  at  Liverpool  street 
terminus.  (800  words  &  fig.) 

1906  621  .132.1  (.42)  &  656  .222.1  (.42) 

Railway  Magazine,  No.  113.  November,  p.  460. 

ROUS-MARTEN  {O.  —  British  locomotive  practice 
and  performance.  (3,500  words  &  fig.) 


Rall^w^ay  Maintenance  and  Stractures.  (Now  York.) 

1906  625.142.3 

Railway  Maintenance  and  Structures,  November,  p.  227. 

PORTER  (H.  T.).  —  Experience  with  steel  ties  on  the 
Bessemer  &  Lake  Erie  R.  R.  (2,100  words.) 


Rall^way    Master    Mecbanle.    (Ghloago.) 

1906  621 .7 

Railway  Master  Mechanic,  No.  1 1 ,  November,  p.  357. 

Angus  shops.  Canadian  Pacific  Railway.  (3,200  words 
&fig.) 


1906  621 .135.1 

Railway  Master  Mechanic.  No.  11,  November,  p.  377. 

Welding  broken  locomotive  frames  by  the  thermit 

process— Central  Railroad  of  New  Jersey.  (700  words 
&%)  

Rall^vay    mmes.   (London.) 

1906  621  .33  A  625  .4 

Railway  Times,  No.  19,  November  10,  p.  473. 

The  Great  Northern  Piccadilly  and  Brompton  Rail- 
way. (2,500  words  &  fig.) 


1906  621 .132.8 

Railway  Times.  No.  21,  November  24,  p.  521. 

South  Western  Railway  motor  car  development.  (300 
words  &  fig.) 


South    African    Rall^way    Magazine.    (Jobannooburg.) 

1906  656  .28  (01 

South  African  Railway  Magazine,  No.  3,  November,  p.  136. 

MOORE  (W.).  —  Minor   railway  accidents.    (2,100 
words  &  fig.) 


Mtreet    Rail^way  Jovraai.   Now  York.) 

1906  621  .336 

Street  Railway  Journal.  No.  IS,  November  3,  p.  870. 

Experimental  three-wire   system  in  Vienna.    (2,000 
words  &  fig.) 

1906  621 .331 

Street  Railway  Journal,  No.  18,  November  3,  p.  815. 

Sub-stations  and  transmission  system  of  the  New  York 
Central  &  Hudson  River  Railroad.  (2,2;  0  words  &  fig,) 


1906  621  .33 

Street  Railway  Journal,  No.  19,  November  10,  p.  928. 

The  electrical  equipment  of  the  West  Jersey  &  Seashore 
Branch  of  the  Pennsylvania  Railroad.  (6,600  words,  tables 
&  fig.) 

1906  625 .215 

Street  Railway  Journal,  No.  19,  November  10,  p.  947. 

FOWLER(G.  L.).  —  Tables  of  car  positions  on  curves. 
(250  words  &  tables.) 


Xram-vtray  dt   Rall^way  liVorld.  (London.) 

1906  621  .33  (09.1  A  625  .61  (.42) 

Tramway  &  Railway  World,  November,  p.  433. 

Burton  and  Ashby  light  railways.  (4,000  words  &-  Ag.) 


In   Italian. 


Gloi*nale    del    genlo    civile*    (Roma.) 

1906  621  .33  (.45) 

Giornale  del  genio  civile,  settembre,  p.  505. 

Ancora  delle  ferrovie  elettriche  Valtellinesi.  (3,600 
parole.) 
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1906  625 .216 

Giornale  del  genio  civile,  seWembre,  p.  513. 

Apparecchio  Pavia-Casalis  per  ragganciamento  aulo- 
matico  dei  carri  ferroviari.  (2,400  parole  &  fig.) 


1906  656  .234 

Oiornale  del  genio  civile,  settembre,  p.  517. 

La  tariffa  differenziale  per  i  viaggiatori.  (900  parole 
&  2  tavole.) 


Ingefitaerla  Terrovlarla.  (Rwna.] 

1906  621  .33  &  656  .27 

Ingegneriaferroviaria,  n»21,  I®  novembre,  p.  350. 

Le  automotrici  benzoelettriche  delle  ferrovie  unghe- 
resi.  (1 ,500  parole,  2  tavole  &  ^g). 


1906  625. 1 

Ingegrneria  ferroviaria,  no  22,  16  novembre,  p.  357. 

FERRARIO  (C).  —  Pro  spluga.  (6,300  parole.) 


1906  621  .132.3  (.45) 

Ingegneria  ferroviaria,  n*  22,  16  novembre,  p.  366. 

Locomotiva  compound  a  4  cilindri  gruppu  6  4  0  delle 
ferrovie  dello  Stato.  (1,800  parole  &  fig.) 


1906  621  .336 

Ingegneriaferroviaria,  n«  22, 16  novembre,  p.  369. 

La  terza  rotaia  delle  ferrovie  Varesine.  |750  parole, 
1  tavole  &  fig.)  

RIvlsta     yenerale     delle     ferrovie 
e    del    l«iroi*l    pubbllcl.    (FIrMit.) 

1906  621  .33 

Rivista  generale  delle  ferrovie,  n^  46,  11  novembre,  p.  723. 

LANINO(P.). — Considerazioni  intomoall'  applicazione 
della  irazione  elettrica  alle  linee  di  valico.  (3,400 
parole.) 

1906  721 .4  (01 

Rivis^  generale  delle  ferrovie,  no  47,  18  novembre,  p.  738. 

Esame  critico  delle  formule  in  uso  per  il  calcolo  dellt? 
volte.  (1,800  parole.) 


In   Dutch. 


621  .116 


Ingenleiir.  ('•  Oravenhaae.) 

1906 

Ingenieur,  n'  46,  17  November,  p.  855. 

DE  KUYSER  (J.).  —  Automatische  stookinrichlingeii. 
(4,500  woorden,  1  tafereel&fig.) 


Digitized  by 


Google 


Digitized  bv 


Google 


Digitized  by 


Google 


Digitized  by 


Google 


Digitized  by 


Google 


Digitized  by 


Google 


Digitized  by 


Google 


Digitized  by 


Google 


